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TAPPING 


a heat at just the right pouring temperature is typical of the 


‘ melter’s technical mastery. Another important factor in making better steels 
at lower cost is the revolutionary Unitrode® nipple which “welds” the joints of 


GLC Graphite Electrode columns. 


FREE This illustration of one of the skills « mployed by the men who make 


the metals has been handsomely reproduced with no advertising 


t. We will be pleased to send you one of these reproductions 


with our complime nits. Simply write to Dept. M-9. 


ELECTRODE 


Cre GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
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Whiskers—Their Strength 
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Hot-Blast Cupola Finds Place in Steelworks 
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Solid-State Physics Conference in Leningrad 
h lohn J. Giln 

Cadmium Practice at Great Falls 

by A. I. Alf 


Exothermic Ferromanganese 


i W. A. Olse 


High-Purity Calcium 


W. J. McCreart 


Ductile Vanadium: A New Engineering Material 


W. Merr 
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PERSONNEL 


T HE following employment items are made 
available to AIME members on a non 
profit basis by the Engineering Societies Per 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service ore at 
8 W. 40th St. New York 18; 100 Farnsworth 
Ave., Detroit; 57 Post St., San Francisco; 84 
E. Randolph St., Chicago |. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 8c 
im stamps ‘no stamped envelopes’ for for 
warding and returning application. The appli 
cant agrees, if placed in a position by means 
of the Service, to pay the placement fee listed 
the Service. AIME members may secure a 
bulletin of positions available for 


a quarter, $12 a year 


— MEN AVAILABLE — 


Metallurgical Engineer, 


Position Desired In Management. 
B.S. Cher t ige 4f Nineteen 


— POSITIONS OPEN — 


Powder Metallurgist, gradua 


$7500-$10.000 


W6410 


Metallurgical Engineers fo: 


P nnsvivank W6396 
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Sales Engineer, B.S. in metallurgy, 


with from three to five vears expe- 
| foundry prac- 
o tound- 
Salary 

to $10,000 a 
quarters, Ohio. W6390 


heada- 


Chief Process Engineer, graduate 
neaa t process development 


t proce ing tons ot c1 
uce costs Mu be famlil 
n grinalr magi 


Salary 1. 
st. W6380 


Engineers. 
r Metallu 


e, 


Metallurgist, grad 


gin ex pe 


e benef 


a, W6349 


Field Sales Engineer, deg: 


aiiurgy or minerais bere 


rtheaste 


rk W6330 


Research Engineers. a) X-Ray Spr 
t, Ph.D. preferred, M.S. witl 
valent experien \ ac- 


x. 


escent) principally along 
b) Physical Met- 

uct relati l 

ision, mech: 


1 maz 
$840! 


Pennsylvani: 


netic properties of 
}-$10.800 a veal 


W6281 


Metallurgist, graduate engineet 
ith at least 5 y experience 
r work u 


naces fo! 


$8000 a 


Process Metallurgist, gradua 


r., with iministi 


PROCESS METALLURGIST « 


ASI 
PHYSICAL METALLURGISTS 


Here is your opportunity to grow with o 
young, expanding subsidiary of the Ford 
Motor Company Outstanding career oppor 
tunity is open in Aecronutronic’s new RE 
SEARCH CENTER. overlooking the Pacific 
ot Newport Beach, California. You will 
hove all the advantages of a stimulating 
mental environment, working with advanced 
equipment in a new facility, located where 
you can enjoy Colifornia living at its 


finest 


PHYSICAL METALLURGISTS, for research 
and development in high temperature ma 
terials. Advanced degree and minimum of 
3 years experienc: including X-ray dif 
fraction, metallographic inspection and ex 
perimentotion with ultra-high temperature 
physical properties. Familiarity with pow 
der metallurgical techniques preferred 


Qualified applicants are invited to send 
resumes and inquiries to Mr. L. R. Stapel 


AERONUTRONIC SYSTEMS, INC. 


@ subsidiary of Ford Motor Company 
1234 Air Way, Bidg. 18, Glendale, Califorma 
CHapmon 5-665! 


| : 
production of ferro-alloys, 
to instruct and supervise furnace op- 
erators in making ferrochrome. Will 
be responsible tor quality control 
and report to manager of new plant 
Salary, yea! Location, Cuba 
$3622 
ti f 
‘ pli ‘ 
wit! tic ative experi- 
separation, hitratior U0 ence in development and production 
a vear. Location, Midv f flat rolled electrical stee At ply 
DV etter giving edaucat ! experl- 
ence ana availability Locatior 
ah vsical Metallurgist South. W6186 
; ( al Engineer, recent 
gradual. or M.S. desired for 
position involving testing and devel- 
$3.5 pl ent in connection with engineer~- 
ing aryogenic equipment Salary 
b) Process Metallurgist, M.S. degree ee five to eight year 
preferred, with five to eight vears 
Met research or production experience in te new 
ferrou melting practices in iron and steel int 
metahurgy experience production making Advar.ced research—de- tatf of f 
a product development velopment position in laboratory of 
‘ manutactu Experienced leading and diversified mpany in t t f 
I ning ana real ng iarge plant metais ana chemical naustry 
} n lernizations, es- ary open. Location, northern New t treat 
t ent new department ma- Jersev. W637] 
te ele t nary fabrication AIMEE 
‘ pl ictior ea 
testing customer service. De- forgPrience preferred, for 
es } tor r leading to active both | ect and metallurgical engi- 
plant management. M-197 neering. Should have a background oo 
n metallurgy and company will 
pany s product cover a wide range 
‘ iperir } and variety of flanged fitting {or 
De f steel pro- connet ns and access opening n 
ct L 4 mmaterial. M-198 tean Dole! pres ure vesseis ana 
‘ tanks Salary about $s000 a year 
1 plus try its. Location, Penn- 
[oration Conade pany. Will be responsible for proce 
equipment alc to the metallic ana 
inl il el t n to Work tnree t nve eal experience 
the f ! ipervisory posi- processing equipment field. Liberal 
legree metaliurgy with beneht witl good tarting alary 
‘ three vears ex- plu ncentive Dased directly n 
pe nce. Work entails research and efforts. Car furnished and expenses 
evelopment in a variety of new paid. Territory a 
etallur; irea ncluding metal tory out of New Mb 
powde conventional powde! 
met irs | tate bonding art 
ng Vagil et Also work in elec- ci 
t r ind electrolytic plating and eq 
fort f testing both destructive ceptable. W e responsible for Hi 
mensurate with experience and abil- and fluor 
t Ap} by letter giving complets metallurs 
nformatior ncluding tanding in allurgist 
cla and a listing, and if possible basic re 
ret nt I I rticle that may ical am teel 
Location Salary | | 
tio 


SUPERVISOR 
METALS RESEARCH 


Nationally known organiza- 
tion requires the services of 
outstanding Physical 
Metallurgist with demon- 
strated creative ability to 
direct and administer the 
research activities of a small 
group involved in develop- 
ment of high temperature 
and special purpose alloys 
Prefer Ph.D., but will con- 
sider other applicants with 
exceptional experience in 
this area 

Excellent salary and em- 
ployee benefits, including 
liberal moving and travel al- 
»wance 

lf you desire a challenging 
assignment with unlimited 
opportunity for professional 


jrowth, send complete res- 


Box 7-JM AIME 
29 West 39th St. 
New York 18, N. Y. 


METALLURGISTS 
LEADING SPECIALTY ALLOY 
STEEL PRODUCER HAS 
OPPORTUNITIES FOR: 


Box 9-JM AIME 
29 West 39th Street 
New York 18, N. Y. 


METALLURGISTS 


and 


PHYSICAL 
CHEMISTS 


Interesting Opportunities 


In the Field of 
LIQUID METAL 
FUEL REACTOR SYSTEMS 
Exist at a Laboratory Engaged In 
FUNDAMENTAL & 
APPLIED RESEARCH 
ON NUCLEAR 
REACTOR COMPONENTS 


PHYSICAL CHEMISTS 


For Research And Development On 
Graphite, And Materials Problems 


METALLURGISTS 


For Work On Materials Research 
Liquid Metal Technology 
Metallography and Effects 
of Radiation on Materials 
Candidates should hove 

an advanced degree or exp 
SEND COMPLETE RESUME 
to Employment Supervisor 


BROOKHAVEN 


NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, INC 


UPTON, L.I., N. Y. 


RESEARCH METALLURGISTS 


Two openings exist in the JGL Re 
search Division, located in modern 
facilities in suburban Pittsburgh, as 
follows 


1) X-RAY DIFFRACTION SPECIAL 
IST—to carry out relatively basic 
work on crystal orientation 


2) PHYSICAL METALLURGIST—to 
carry out applied research in the gen 
eral field of physical metallurgy, in 
cluding mechanical and magnetic 
properties of steels, diffusion phenom 
ena, intermetallic compound growth 


A Ph.D. degree, or the equivalent 
in academic training and experience 
is required for each position 


Send resume, in confidence, to 


J. A. will 


Research and Development Department 


JONES & LAUGHLIN 
STEEL CORPORATION 


3 Gateway Center 


Pittsburgh 30, Pennsylvania 


PUBLISHED! 


1. THE SOLID 
STATE FOR 
ENGINEERS 


2. ZONE MELTIN 


G 


LN 


3. TECHNOLOGY OF COLUMBIUM 
NIOBIUM ) 


Send this coupon for 
ON-APPROVAL copies TODAY! 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave New York 16. N. Y 
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Metallurgists, Nuclear Engineers: Michigan Chemical can now 


supply ingots of Gadolinium, Yttrium, Dysprosium, and Erbium 
metals in substantial poundages for use in nuclear control rod, 


alloy system applications 


552 
1350 


1400 


1500-1550 


*Estimoted 


Discuss with us availability and prices on commercial quantities 
This will permit you to analyze the economic and technological 
advantages of rare earth metals versus other metals for ex- 
This will 
also permit the evaluation of special alloy systems such as Gado- 


ample. Gadolinium versus Hafnium in nuclear control 


linium in stainless steel 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 


576 North Bankson Street, Saint Louis, Michigan 
*Reg. U.S. Pat. OF 
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on a Guggenhein 


News of 
EDUCATION 


WELDING 


Spotl hts will be 


nual Midwest Weldi Cor 


onsored OV Armour Reseat 
Foundatior if Illinios Institute of 


Technology and tl “hic 


ATOMIC GRANTS 


Researc} gral Otaling $48,428 
been awarded to f ty en 


of the University ‘of Michigan, 
al-Phoenix 


PERSONALS 


Frederick F. 
elected an 


recently 


C: 


president 


he con pany s n 
sidiary, The Intern: 
Inc Wood had 

e-presiden 

May, 1955 


William MeC ormick, 
irector ] 

dept 

has been elected 

American l 

at its annual! eti 

Industrial He: alth 

Atlantic City, N. J 


Norman Brown, 
of metallurgical engineering at the 
University of Pennsylvania, has 
spent three months at the Max 
Planck Institute in Stuttgart and is 
spending a year at the Cavendish 
Laboratory, Cambridge, since June, 
Fellowship 


(Continued on page 552 


associate protessor 


| 
2 as 
an 
nce 
F on January 28 and 29, on the Illinoi 
: var Institute of Techr gy campus 
Begun in 1955. the conferences 
and users to discuss current devel- 
of The progran for the January 
4 meeting include me 12 pape 
lealing with latest development n 
processes and application Confer- 
: ence sessions will be held in the IIT 
Chemistry Bldg. at 33rd and Dear- 
Inquire concerning the nfer- 
ence hould be addressed to H j 
5 researc a Rese 1- 
tion, 10 W. 35th St.. Chicago 16, I 
; by th 
The 14 grants brings to 160 the * 
number of separate effort nitiated a 
I 
a by the project which has attracted ee 
international attention for its gels 
q 
uniqueness and diversity of interest Shae 
MELTING BOILING DENSITY | THERMAL-NEUTRON 
META T PC T ATOMIC SRAMS BIC ROSS-SECTION 
POIN NT* GR Cur ROSS-SECT y 
| | RADIUS Wood was 
| OK CENTIMETER BARNS +} 
issistan oO ne vice- 
3300 1.8) 447 1.38 presidet publicity and advertising 
of the International N Ke Co { 
6,000 
Gd 3000 1.8 7.87 46,000 Ltd., and assSistal VICE 
Dy 2600 1.77 8.56 1,100 HN (publicity and advertising 
4; | ted States sub 
Er 2900 1.75 9.06 166 
’ nal Nickel Co 
ae assistant to the 
U S. subsidiary 
an assistant 
‘oO S me i cal 
bor Works, 
rer of tne 
iene Asst 
ee i during the 
RE.58-1 ference at 
‘ SAMARIUM — EUROPIUM — GADOLINIUM TERBIUM — DYSPROSIUM — HOLMIUM— ERBIUM—— ae 


“We've practically eliminated off-grade heats 
with MANTEMP ferromanganese ” 


nost foolproof way to hit open-hearth manganese 
stently is with ladle additions of MANTEMP 


bul 


ications consi 
ferromanganese. Mill superintendents have reported that the 


v vields high recoveries and allows substantial reductions 


in overall ingot costs. 

Fine grain size specifications can also be met easily 

MANTEMP ferromanganese does not preferentially oxidiz 

separately added aluminum. The alloy is available in both high- Fi cf, ¥ 
and medium-carbon grades, packed in cans containing exactly e rome 

10 pounds of manganese. FERRO-ALLOYS AND METALS 


ELECTRO METALLURGICAL COMPANY, Division of Union Carbide UNION 
Corporation, 30 East 42nd Street, New York 17, N.Y. CARBIDE 


Mantemp Electromet ide Corporation. 


forthe 
i «ai rr t n, \ 
wr s é 
NTE MG 
new SlX-puge 
MANTEMP 
ae 
Pig 
oe 
The teres 


Personals 


(Continued from page 550) 


Colonel B. S. Mesick is now assistant 
to the president, Grand Central 


Rocket Co., Redlands, Calif 


These Goggl 


Operate Easily 
Even in Large Sizes 


Robert F. Mehl, of Carnegie Institut: 
of Technology, was recently one « 
thirtv-five men elected to member 
ship in the National Academy of 
Sciences, Washington, D. C He 


graduate 


ne researc! laboratory anc 


nead Of the dept. of metaliurgica 
engineering at Carnegie 


Newton H. Johnson, Jr., 


J. H. Brindle, previously 
neer with Electro Met 


Pittsburgh, Is serving Feedex 
hot top div., Foundry Services Inc 
egh 
tsburgnh, as saies manage 


Walter Bonsack recent! 


Daniel F. Toner, previously assis 


MECHANICAL 3 ant professor with the Air Force 

; ce Institute of Technology, is now asso 

G | V | ciated with Union Carbide Nuclear 


Co., Oak Ridge National Lab« ratory 
as a metallurgist 


Regardless of how long they 
may stand unused, Bailey 
Goggle Plates free easily to 
close or open the gas main. 
With goggle plates either 
closed or open, a powerful 
clamping force assures a gas- 
tight seal—dependable pro- 
tection for men and equip- 
ment. 


Everett E. Klicker has been appoint- 
ed market research manager for 
Michigan Chemical Corp., St. Louis, 
Mich. He will assist the vice-presi- 
dent of sales and development, in 
extending the markets for the com 
pany’s basic chemicals and their 
derivatives. Klicker was formerly 
sales and development manager of 


the company’s rare earths and thori- 


um div 


David W. Miller has been appointed 
director of operations researc h and 
statistical analysis for Calkin & 
Bayley Inc., industrial consultants, 
New York City 


Ira K. Hearn, Jr., previously chief 
industrial engineer of Kennecott 
Copper Corp.’s western mining divs., 
was recently promoted to assistant 
general manager of the Corp.’s Utah 
COMPANY ; Copper div 


J. F. Collins was recently appointed 
assistant manager of the Pittsburgh 
region of Electro Metallurgical Co., 
a div. of Union Carbide Corp 
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° 4 
° 4 
‘ 
f 
i 
former! 
, assistant to superintendent, major 
alloys div Niagara works tne 
Electro Metallurgical Co f 
Union Carbide Corp., is now assist 
é by ant superintendent, carbide div. at 
the company s Ashtabula, Oh piant 
AY 
: 
on high strength, high purity alloys 
“5 iuuminun HonsacK Was [or eriy 
- 
= 
a: 
— 
Z 
WILLIAM M, 
4 ENCINEE R 
1221 BANKSVILLE ROAD ‘PITTSBURGH 16, PA 
4 { 


J.M 


Ma 
i in public relations, and is now 


publications 


J. M. Stapleton, assistant to vice 


presiden iron production, United 

States Steel Corp., Pittsburgh, was 

ect iwa he Americal Iror 

i stet I e Me l He wor! 
e awal e excellence I 

pape D Cor é 

Ai ) e Bla - 
t 


titute also honored other 
| papers. John R. 
Hunt, é f operating con 

mittee Tennes ee Coal and ( 


mau 

rf 


I 
I 
United State Steel C rp Fa 


i spec i 
Stet 4 f Can: ida | H 
ecelve e fhe 
\ AISI t 
if - 
¥ The ler 


Frank R. Milliken has been appoint 
ed exec ve vice-president ol Ken- 
é ( per Cory] He was als¢ 
t t t t By a 1) t 
i M Kren a pre - 
i ct pre en 
argee the pDanvs mini ng 
pera 


Adolph E. Palty, formerly affihated 


with the Thomson Laboratory of 
General Electric Co., Lynn, Mass 
recently joined Kelsey-Haves Co., as 

ipervisor, alloy development and 


evaluation, of the Utica Metals div 


Robert B. Sosman, professor of ce- 


ramics, Rutgers University, New 
Brunswick, N. J.. recently received 
the Trinks Award, highest honor of 
the industrial heating industry, for 
his pioneering research silica, 
steel-making refractories and py- 


rometry. The presentation was made 
him at the annual banquet spon- 
red by the Trinks Industrial Heat- 
ng Award Committee in Pittsburgh 
Sosman was Howe Memorial Lec- 


er for AIME in 1948 


Gerald L. Owens was recently pro- 


noted to vice-president in charge of 
operations {for Great Lakes Steel 
Corp.’s down-river plants. He was 
formerly assistant general plant 
superintendent Owens been 


succeeded in that position by James 
G. Smith, previously manager of 
primary production 


Conti nued on page 558 


A. S. Cohan has left the employ of 


tne Inc where he was en- 


IN VESSEL 
AND STACK LININGS .. 


e In numerous ways, in numerous industries, the 
GREFCO TRUE GUN-ALL is proving a revolutionary ad- 
vance in pneumatic refractories application. 


Here, at last, is a true all-purpose, wet mix refractory 
gun, handling a complete range of materials for a// 


IN HOT PATCHING... 


applications 


The GREFCO TRUE GUN-ALL allows faster, easier and 
more economical placement of GREFCO refractory 


products: 


Write for full information on the GREFCO TRUE GUN- 


CHROME GUN MIXES 

HIGH DUTY FIRECLAY MIXES 
MAGNESITE GUN MIXES 

HIGH ALUMINA MIXES 

COMPLETE RANGE OF CASTABLES 


ALL and gun mixes. 


GENERAL 
REFRACTORIES 


COMPANY 
Philadelphia 2, Pa. 


IN NEW CONSTRUCTION .. 


IN CONVEYING | 
= 
Conan 1s a former manager Of = | 
The Ame} m Iron nd Steel In- aD 
l 
Ala.., won tne neg if nica 
Meetino A 1 in the field of opera- - > 
leeting Award in the fiel 3 | 
tion, for his paper, Furnace Lin« > 
One ting Method ind iIheory j 
Southern ar Northern Blast Fur- 
J. G. Sibakin, metallurgist, develop / 
sa + 
‘ | 
f 
uN 
ae 
a 
2 


Zirconium fined T 

diameter and 18” long) 
wos manufuctured 

for use in severe mineral 


acid service. 


“MORE Zr FACTS"... 2 ublication devoted to progress in 
zirconium technology is distributed free of cost by Carborundum Metals 


Ask to be placed on the mailing list... the next issue will concentrate 


on Zr Nuclear Properties and Applications 
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; 
| srundum Metals’ 
~ & 
as 


h economy 


on the inside 


(mild steel on the outside) 


Zirconium liners are now available for a va 


DASIC processing compo n 


as I col mn 
i reaction vessels 

me corrosion-resistance 

rues of zirconium at surprisingiv low <¢ apid 
es in zirconium manufacturing and fabrication 


ter 


recnniques ¢ 


THE NUCLEAR INDUSTRY 
Zirconium’s low neutron absorption and corrosion- 
nts permits more economical fuel 


nost every reactor design 


THE CHEMICAL PROCESSING 
INDUSTRY 

Dual resistance to corrosion... zirconium protects against 
either strong acids or causti vy means inter- 
longer lasting system components. 


changeability and 
indum Metals’ fully integrated zirconium facilities and its close working relations with leading fabri- 

1fOTS LIVES VOU one Experienced source tor everv need in m from sponge metal to ready -for-service 
uotations and delivery dates can be made immediately on commercial or nuclear grade 


sponge and ingot, and also on welded or seamless zirconium tubing, zirconium sheet, strip, bar, rod and foil. 


Write today for complete price schedules on all zirconium products. 
Address inquiries to Dept. 91-807. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y. 
Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 


t 
; 
“a 
. 
bee 
* 
ba 
j A * 
. 
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Impact resistanCe@— the image of impact 


can take many forms. To a train-conscious youngster, 
impact might be the crash-coupling of freight cars. 
To the contour miner, impact is a mammoth dipper 
smashing into frozen highwall. To the ordnance man, 
impact is a shell striking armor plate. Whatever the 
image, impact implies one thing—toughness. 

Toughness is the ability to absorb energy—to 
“sive” under a shock load without fracturing. This 
property—toughness—in steel, more than in any 
other material, has been vital to the building of the 
modern world. Steel’s ubiquitous role, however, belies 
the complexity of toughness. Because just as there 
are many kinds of steel, so there are many degrees 
of toughness, and a given steel’s toughness is shaped 
by the admixture of its composition, manufacture 
and fabrication. 

The design engineer, if he is to do his job well, 
must know his toughness in order to select the right 
steel for the job. He must know something of how 
toughness is achieved, because this often can result 
in using less expensive steels. The geometry of a part 
or structure is also important to its toughness, and 


United States Stee! Corporation « American Stee! & Wire « Columbla-Geneva Steel + National Tube 
Tennessee Coal & Iron « United States Stee! Supply « United States Stee! Export Company 


here the designer reigns supreme. 

In steelmaking, toughness and strength are deter- 
mined by composition and manufacturing steps. 
Often, as is the case with USS* **T-1"’ Constructional 
Alloy Steel, a very high level of strength and tough- 
ness is obtained through selection of alloying ele- 
ments and by proper heat treatment. The steelmaker 
can help you obtain the best combination of strength 
and toughness along with other desirable properties 
like weldability, corrosion resistance, formability and 
wear resistance. He can also recommend post-fabrica- 
tion heat-treating practice where it is required to 
develop mechanical properties or relieve stress in 
fabricated assemblies. 

Clearly, toughness is complex. But for any applica- 
tion, there is one best steel no matter what combina- 
tion of properties you need. You are almost certain 
to find that steel among the great family of USS 
Design Steels: Carbon, High Strength, Alloy and 
Stainless. Our experience is yours for the asking. Write 
United States Steel, 525 William Penn Place, Pitts- 
burgh 30, Pa. You'll find our nearest representative 
in the Yellow Pages listed under United States Steel. 


United States Steel 


*TRAOE MARK 


3 
+ 
= 3 
4 
€ 
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: 


Lower Left—Problem: Design dump cars for tunnel excavations to 
remove rock. Must have high impact resistance, plus Corrosion resist- 
ance to withstand alternate wetting and drying. Solution: Build cars 
from USS Cor-Ten® High Strength Steel. Pay-off: Cars take mini- 
mum maintenance, have been in continual service for six years, and 


are still in excellent condition 


Lower Middle—Problem: Design a 60 cu yd. shovel that could 
take the terrific abuse of all-weather overburden removal. Solution 


Bucket, bail, dipper stick and crowd rack built entirely of welded 


USS “T-1'"* Steel, a constructional alloy steel having exceptional 


e and which can be field-welded 


toughness at below zero temperatur 
ling performance in 7-day a-week, 


and flame-cut. Pay-off: Outst 
24-hour-a-day service with minimum maintenance 

Lower Right— Problem: Design a tank to hold the liquid equivalent 
of 10 million cubic feet of oxygen at 300 F. below zero. Solution: 
Tank was designed with impact-resistant austenit USS Stainless 
Steel. Pay-off: Tank can withstand sudden changes of pressure, tem- 
perature changes and volume at low temperatures that would shatter 
other materials, 


4 
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BUEHLER POLISHING DESK 


with matching storage cabinet... 


or maximum efficiency in the production of 
specimens in the metallurgical laboratory the Buehler cabinet type polishing . 
table with companion storage cabinets represents the latest modern develop 


ment of this type of equipment 
The convenience of this streamlined polishing equipment saves time and encourages 
the operator to produce the highest quality of polished sample 


Item No. 1511 is a two-unit polishing table with Formica top approximately 60” long 
NO. 151 


x 27” deep by 30” high to table top. Two 12” swing spouts, drain, 8" diameter wash bowl 
plumbing and wiring 

Recommended accessories to complete an efficient set up for maximum convenience 
are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for 
installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both these 
cabinets can be used together to advantage in most laboratories 

The Formica top and back on the table and cabinet is installed with a smooth 
Formica edge that eliminates all metal rims that may form pockets for water and 
dirt. Covers are held in place on the back by magnetic holders. The large 8° wash bowl 
is a new feature that enables the operator to use both hands in washing specimens 

All metal construction finished in hammer tone grey makes a very attractive 
appearance. Prompt delivery can be made on these new items 
The Buehler Line of Specimen Preparation Equipment includes . . . Cut-Off Machines 


Specimen Mount Presses * Power Grinders © Emery Paper Grinders © Hand Grinders © Belt 
Surfacers * Mechanical and Electro Polishers * Polishing Cloths © Polishing Abrasives 


Buble Ltd. METALLURGICAL 
© 2120 Greenwood Avenue, Evanston, tilinois 


Personals Robert H. Read has been named William B. Jacobsen has been pro 


iperv! of powder met moted to work anager of the 
Continued from page 553 research at Ar ur Research Foun Lemont Mfg. Cort new tee] 
Edward A. Vistica is now associated lation of Illinois Institute of Tect subsidiary being built by Ceco Steel 
with the western div of Eastern nology, Chicago. He had been serving Products Corp. near Lemont Ill 
State Petroleum & Chemical Cor} i tant super\y rr of the powder Until the mill is nstructed, Jacot 
Houston. Texa meta gy sectior en ll be headgq te 1 at the 
Ce ct pene i t 

Norman R. Alston. formerly wit}! William D. Robertson was recent! 
Braden Copper Co., is now serving appointed chairman of the Dept. of Carpenter Steel Co. Reading Pa 
as assistant dept, head for Phelp Metallurgy at Yale University. suc- recently appoint i W. Kent Kise, Jr.., 
Dodge Refining Corp ceeding professot Arthur Philliy as metallurgist in the special allo} 

who is on leave of absence preceding levelopment grouf PI to ft 
Carroll Copps was recently appoint his retirement in June 1959 position, Kise was chief engineer of 
ed as vice-president of the new the Electro-Plastic Corp., Ft. Lau 
chemical div. of Olin Mathiesor Clarence L. Altenburger, Detroit, derdale, Fla 
Corp. Copps comes to Olin Mathie« was recently appointed as technical 
on from Atles Powder Co. where hi assistant to the president of Great Arnold P. Litman, forn erly a metal 
was senior vice-president Lakes Steel Corp. In this new po lurgist with Blac k, Sivalls & Bryson 
Ne ’ tion he is directing product develop- Inc. in the nuclear div., is now affil 
[wo officials of Kennecott Coppe ment and research groups iated with Oak Ridge Nationa! Lat 
Corp Ray Mines div. have been oratory, Union Carbide Nuclear Co 
named officers in the Eastern Chay Edwin C. Sponberg, Hibbing, Minn Div. of Union Carbide Cory 
ter, Arizona Society of Professional superintendent of the Scranton iron Ty — , 
Engineers, for 1958-59. Harold W. mine, Mesabi range, has retired, che four delegates who represented 
Bishop, chief engineer for the Ray rounding out 33 vears with Pickands the Tec 
mine has been named president of Mather & Co me ee ane ape Al 
the Eastern Chapt I and Robert loys of the Int nati wre Organiza 
Winkle, pit maintenance foreman W. L. Harbrecht retired on Mar. 31 tion for Standardization ‘ (ISO) 
Ray Mines, was named secretary 1958 after 38 years employment with meeting in Harrogate, Englan 
treasurer of the Eastern Chapter the Electro Metallurgical Co., Niag were: L. H. Adam, Franklin Arsené 

ara Falls. N. Y. in research and de- U.S. Army Ordnance, Philade if hia 
L. L. Farrall, previously vice-presi velopment work A. E. Beck, American Metal Co. Ltd.., 
dent operations for Crucible Steel New York; R. S. Pratt, chief plant 
Co. of America has been elected ex- Thor N. Rodin, presently employed metallurgist, Bridgeport Brass Co., 
ecutive vice-president of the com- by du Pont de Nemours Co. Inc., has Bridgeport, Conn.; and J. S. Smart, 
pany, and J. D. Dickerson, formerly been appointed associate professor of research dept., American Smelting 
manager of production for Crucible engineering physics at Cornel] Uni- and Refining Co., South Plainfield, 
Steel, was appointed vice president versity, Ithaca, N. Y., effective Au- N. J. 

operations for the company gust 15th (Continued on page 626 
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Process observation, alloy additions, pouring, tempercture ond process readings, 


high frequency control, valve sequencing — all focus around one center of operction. 


For precision casting 
a high-vacuum furnace 
for lab and pilot plant 


CEC's 5 to 50 pound melting and 
casting furnace offers: 


i WwW, I ) ul s an 


Three-way casting: Melts of 5, 12, 


Ample pumping: 


Ease of materials handling: 


parts the 


accessor 


this remarkably versatile furn: 


ided for mold h 


Interior view of 
Complete controls: The bh. fur- — compact furnace 
nace inc lud nial hy shows alloy addi 
Li ridg 


fon devices ond 
crucible trunions. 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N. Y. 


SALES SERVICE OFFICES IN PRINCIPAL CITIES 


BOOKS 


* ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


Technical Report Writings, by James 
W Souther, John W ley & Sons In = 
pp., $2.95 paper bound.—The 

an assistant dean of engi- 

I the University of Wash- 
ngton, has aimed this illustrated 
textbook and reference manual to 
rovide information about how in- 
1 reports are actually written 
centering on the writing process 
The author stresses the relation be- 
tween the industrial function of the 


report and the final form it must 


) 


take. @ 


Rapid Analysis of Nonferrous Metals 
and Alloys, by George 
Chemical ublishing Co. 
Fifth Ave., New York 10, N. 
pp., $4.25, 1957.—This book 
from other available books on metal 
analysis in that there is an increased 
reliance on sequence procedures; 
mathematical correction factors are 
used to advantage to eliminate 
lengthy separations; colorimetric 
proce dues are extensively ¢ mployed; 
and great use is made of perchloric 
acid, especially for destroying or- 
ganic matter. Although the methods 
discussed in the book will save 
time t 1e busy analytical 

ion, 
itv, accuracy, and simplicity of this 
book will make it invaluable 
only to trz d chemists, but also 


routine oper 


english-french and_ french-english 
Technical Dictionary, by F. Cusset, 
Chemical Publishing Co. Inc., 212 
Fifth Ave., New York 10, N. Y., 663 
pp., $8.00, 1957.—This completely re- 
vised and enlarged edition of a pop- 

dictionary will be welcome to 
engineers, chemists, metallurgists, 
mineralogists, librarians, translators, 
interpreters, abstractors, students, 
and in general to all those who have 
to read or refer to French technical 
texts. Diverse technical fields are 
adequately covered and the French 
equivalents of English technical 
terms and vice versa are chosen 
with great care and competence 
This edition contains many revisions 
and corrections and includes hun- 
dreds of new words which were 
either inadvertently omitted from 
the first edition or concern recent 
technical and scientific developments 
which took place since the first pub- 
lication 


(Continued on page 565) 
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safe, sure operation. It’s easy to add io 
a sampler, thermocouple, and equip- 
ment tor semi-continuous operation a 
4° 
4 2-stag 
single or multiple molds—or (with PUMP GUICKIYV | Eric 
adaptation ) centrifugally. compact system to the low microt Pee: 
‘ pressure range, with ample reserve ae 
capacity to Na i¢ £as ads genet 
= ated bv alloy additions, deoxida 
within arm's reach. The obliqu tor 
angic ange connecting the stainicss — 
steel chamber sections provides un W rite for illustrated Bulletin 4-3 - 
usual vertical clearance for removing which lists complete specifications, Se 
molds di r] and design feature yf 
molds directly. A deep water-cooled es, ama cesign features OF 
mold well provides 33” under the Te ea 
crucible lip for pouring bar-type ae 
slecrr: atthe nok 
ingots. Electric feedthroughs are 
pr 
“ 
} ler ; 
Dreaker, a feeder and alloy cup 
af 
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mechanism, and a nontogging sight 
tube tor optical pyrometry. Pneu- 
matic line valves are interlocked and of aoe 
hal 
controlled from central panel for 


Smashing scrap since 1953... this 48” diam- 


eter, 16,.770-lb. Ni-Hard drop ball is still going 
y ays maximum return per dollar in- 
ed hardness helps lengthen its life. 


Engineering & 


In addition, it is tougher than this hardness 


indicates 


That’s why it withstands the shock 
t scrap. Produced by United 
Foundry Co., Pittsburgh, Pa. 


agains 


Ni-Hard ball outlasts others by 3 to 1 
...breaks 27,000 tons of scrap and still on job 


A Ni-Hard 
resistance to abrasion greatly 
Look at this one, for example... 
scrap drop at United States Steel Corporation's 
Youngstown District Works. 

The hall looks hattered, with one side slightly 
. hut it should he after the service 


drop ball earns you money because its 
increases its life. 
on an open hearth 


flattened out 
it has already given: 

This Ni-Hard ball has broken up some 25 tons 
of scrap a day, seven days a week for more than 
three vears. 

Balls made of other materials averaged only 1315 
months in the same service. Yet after 40 months 
the Ni-Hard ball is still in use. As a result of its 
unmatched resistance to abrasion, it still retains its 
working weight. 

You'll profit by using a ball that stays hefty 
longer as it breaks up your scrap. So specify your 
next drop ball in Ni-Hard nickel-chromium white 


Inco THE INTERNATIONAL NICKEL COMPANY, IN 
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iron. A list of authorized producers is yours for the 
asking. Write for it now. 


*Registered Trademark 


Ni-Hard drop balls come in various sizes, and applications 


} 


include fragmentation in reclaiming steel 
breaking up cast iron scrap, powdering rock and the like 
These drop balls were cast by United Engineering & Foundry 
Company. 


scrap from slag 


67 Wall Stree: 
= New York 5, N.Y 
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Egypt's first pig iron production 


now on the road toward becoming the first integrated steel pri 
East rece ntly blew its initial | st irnace into pri 

the suburbs of Cairo has an annual capacity o 

a second blast furnace of similar capacit) 

his year. Both will use imported coke to smelt ores 

deposits in the Aswan region. The plant, which is being buil 
headed by Demag, will make use of converters an 


producing steel » rolled into bars, sections, 


Hot-blast cupola—LD combination in America 


hot-blast cupola—LD converter combination 
laid at Acme Steel Co. Scheduled to be 
ill make use of scrap for the produc- 
in two 50-ton capacity LD 
terned after the plant of Gussstahlwerk Witten 


issue of JOURNAL OF 


Oxygen for open hearths at Granite City 


ft-per-month oxygen plant built by Air Products, Inc 


n at Granite City Steel Co. to feed open 


ii 


furnaces with oxygen in order to increase Name temperature 


neartns are aireaay hred Dy 


ressure natural gas (see JOURNAL OF METALS, p. 272 


he introduction oxygen will further accelerate com- 
the furnace burners. The decarburization period will be 


ig oxygen on the bath from a lance extended from the 


Sixth US primary aluminum producer 
Columbia River near Portland, Ore., the 54,000-ton aluminum reduc- 
works of Harvey Aluminum is starting operation, thereby bringing 
he number of US primary producers to six and the total US capacity to 
2,080,000 tons per vear. Reduction facilities consist of 240 pots, housed in 
e buildings. The aluminum pots were designed, engineered, and 


built by Harvey Aluminum at its Torrance, Calif., plant 


Domestic sources of beryllium extended 


Discoveries in the Crystal Mountain and Storm Mountain districts of Colo- 
rado are reported to have assured America of its first substantial supplies of 
beryllium ores. Some 400 tons of ore are now being offered daily from this 
source. At the same time, the US Bureau of Mines is cataloging, classifying, 
and evaluating all known occurrences of beryl, and it will also reexamine 
every pegmatite area. The Bureau of Mines will seek improved methods for 
the recovery of beryl minerals and the processing of beryl concentrates 
Recovery practices now employed generally include flotation, but because 
of the varied mineral associations almost every deposit requires a different 


technique. 
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. they have proved to be highly versatile and 
are widely used in quality wrought and cast steel 
and high strength cast iron. 


Many producers use calcium silicon to make 
cleaner wrought steel. Its primary function is to 
deoxidize and degasify — the low melting deoxi- 
dation products formed readily free themselves 
from the metal. Particularly effective in con- 
trolling type and distribution of inclusions in 
bearing and aircraft quality steels, calcium silicon 
also improves hot workability of stainless steel. 


In steel castings calcium silicon improves physical 
properties by minimizing the tendency to form 
undesirable Type II inclusions. (Some foundry- 
men prefer to use calcium-manganese-silicon for 
this purpose — this more dilute alloy is less 
reactive and forms even lower melting point de- 
oxidation products. ) 


For high strength iron castings calcium silicon is 
an effective inoculant. It is frequently used as a 
ladle addition to low carbon equivalent iron. For 
certain ductile irons specifying low silicon con- 
tent, calcium silicon is sometimes used as the 
inoculant due to its lower silicon content. 

We maintain adequate stocks of lump and crushed 
sizes for furnace and ladle additions. Your order 
will be shipped promptly. 
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Liberal Arts and the Space Age 


Adapted from an address by Dr. Frank H. Driggs, 
President, Fansteel Metallurgical Corp 
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metals are Dullt 0 
toms within the 

metal 1 


a 


prepared 


n Introduction To Reactor Physics, 


T 
ai SCLICS 


nh, test- 


lication Power 
pur- 


I & 
React 


ma ner ap} 
Technology 


cnasec DV 


$2.00: fore! 


55th 


tailed review 


of the 

volved 

tween 

port facil 

capital available and required 
ietailed studies and esti- 


national and global 


cluded are 
mates 
into 


take ac- 


requirem¢ 
1e absence and 


count such 
exhaustion of conver tional sources of 
fuel and power. Besides these over- 
all considerations, the exam the 
ble data on such questions as 

type of con- 
with reactor the 


ines 
availa 
the new 
cerned 


cost indices 


operation, 


rk 22, N.Y., $4.50, 1957—Pub- 
the United Kingdom 


Handbuch Der Sonderstahlikunde, 
Third Edition, by Edward Houdre- 


the properties 


pure , vol- 
extensive 
including full 


and 


sece- 


ium, phosporus, 

and some of the rarer 
In each major section the 
ynsiders general character- 
alloys, structural 
VS, the influence of the 
element on the physical 
hemical properties of the steel, 
manufacture and working 
irgical aspects are 
vut, with full illustration by 
ns of constitution diagrams, 
microphotographs, and hundreds of 
graphs. In addition, data tables pre- 
sent in concise form the information 
contained in the footnote references 
for which an author index is supplied. 

(Continued on page 566) 


oo] steel 


stressed 


from ELECTROMET 
Metals 
Research 


VANADIUM 
for the Age of 
Atomic Power 


VANADIUM METAL, due to 
low “neutron capture,” chemi- 
cal stability, and corrosion re- 

is already in test for 
nuclear reactor applications. 
Vanadium’s other qualities— 
yuri 
ivity, strength at high tem- 


ty, excellent heat conduc- 


peratures, good tensile proper- 
ties—have led to its successful 


pplication as an addition to 


ap} 
special alloys prepared by vac- 
uum melting and consideration 
for a variety of structural uses 
i ELECc- 


in the electronics field. 


TROMET's technical staff is 


to assist vou in ex- 


ploring new applications. 
coupon will bring additional 


data. 


Electromet 


FERRO-ALLOYS AND METALS 


NAME 
COMPANY 


POSITION 
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Books balance be 
costs. and t 
reactors it 
Continued from page 559 r irces 
the transport and the ‘ < 
with. e | 
! 
- 
620 pp., $10.00, 1958.—This compre “a 
nensive gula DOOK tleature In on 
volume, information on how to suc- 4 _ 
nary lie a 92. N.Y 57—In easily com- 
7 #3] nreher ble terms and illustrations 
pure 2a i orev, auctiie, pl rm ana liu rations 
white and high alloy iron castings this DOOK presents Cre 
Included are sections on: the design ito! hows how ae 
¢ A ton nd how ti 
Ol iron Ca ings; nea treat- is, a WwW 
machinir and rinding metallic r made t tretc 
and nonmetallic coatings; and a re- Although primarily | 
view of the hictorw of re The nive t idents of t} sities, 
handbook contains 411 illustration it will make stimulating and infor- 5 
and grap! 64 tables and extensive mative reading for every enquiring Be 
bibliographies after each chapter. as De! f the eeneral puodik 
well as a glossary of foundry terms ee! 
of Monographs 
Review Series summarize ndevalu- on Nu Energy, Division X, Vol- Be tie. 
tes current developments in power ime I, by D. J. Littler and J. F. Raffle, al 
tor ¢ hr T ea ) p Dp 199 ASth 
reac CCHNOLOLRY i i rerga i Low 
t reports both on research and de- New Y Be 
ve pmen re li appilicabit ( re- lisneda 
ar rs generally 1 progress A ic E Autnority, thls up-to- 
made vith specific reactor types late Second Edition forms an excel- a 
Eacl 1¢ will vary ir I con- lent introduction to the principles of ae 
tent H ever time to tin the nhve The treatment has 
follow reas will be reviewed as been kept as simple as possible and fie 
as ‘ ont ant DI ‘ tions +} cle ics from a 
performance and evaluatior eat ene! theoretical viewpoint. Little es 
transfer, reacior Kinetics and control mat! itical Knowledge Is required Cie 
I i DV ne readadel 22 
ng, reactor ponent fuei hand- 
pressurized water reactors, boiling 
Wa reac rs ied mont S ig. Berlin, Ger- avalia 
reactors, gas-cooled reactors, aqueous many, 1538 pp., 2 vols., DM 220, 1956 pei 
homogenge Is reac rs, quid metal- I reference work on alloy steels, eee 
} 
fueled reactors, other power reactor brings together the relevant informa- eg 
types, and reacto! Me tion contained in hundreds of arti- 
nor te Tollowine 
| cles, papers, and reports. Following 5 
an opening chapter on i i 
n te, and characteristics of 
cn, $2.50) or by individual I conti 
on, de ume inues wit 
issue (55¢) from the Superintendent tions on carbon steels. CSC . “are 
of Documents coverage of their heat treatment, 
on manganese, nickel, ana chromium + 
The Economics Of Nuclear Power in- st« Lume leais With tungsten, 
cluding Administration & Law, Perg- lvbdenum, vanadium cobalts and 
Inc... 122 silicon as alloving elements, and with 
York 22, N.Y., $17.00, 1957—This book the et im, cop- 
} T t s**t t Carbide are reg 
which is a series of ten covering all a 
aspects of nuclear energy, provides a Best 
| Electro Metallurgical Company | yer’. 
| Box 268, Niagara Falls, N. | 
| P th nadium 7 } | | 
Please send me the Vanadium Technical ie 
Data Sheet | 
| 
| | 
| 
| | 
| 
DDRE 
ss 
| ADDRES: | 
I 
CITY 
| 
| ZONE STATI | 


shermas Properties of Ceramics, En- 
earch Bulletin No. 40, 
Smoke and John 


Enginee 


section 


Lattice Inhomogeneities and Sub- 
structures In Crystalline Materials, 
h Bulletin N« 


specin 
booklet cove 
thods, X- 
neter 
ind coal 
ition 
al ffracton n 
lattice n ri tions of po.lye 
The bulletin i 
, and lis 


references 


The Powder Method in X-ray crys- 
tallography, by Lenoid V. Azaroff 
id Martin J. Burger, McGraw-Hill 
Book Co. Inc., 342 pp., $8.75, 1958 
This book contains a complete expo- 


1t10n Of tn ) n¢ 


and utilizati 
of the A r method. The dis« 

is ke a fundamental plane, and 
no mathematics beyond simple vector 
is assumed. All 
hemati included in th m- 
I mplete W pos 

Detailed examples illustr 
virtually all principles, and a com- 
plete collection of charts for labora- 
tory use of indexing procedures is in- 
cluded. The contents includes: ele- 

mentary X-ray diffraction ther 
principles of powder photography 
relation of spacings to cell geometry, 
interpretation of powder  photo- 
graphs, reduced cells and their appli- 
cation, the sources of error in meas- 


necessary 
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Structural 


Engineering Materials Handbook, by 
a staff of specialists McG 1w-Hil 


195% 


npre- 


iders 


History of the Iron 
try, 
H 


Uber Die Aushartung Von Alumi- 
num-Kupfer- Legierungen, by Her- 
4 Ver lag, Dus- 
$4.80, 


copper al- 


ing process. The biblio- 


239 references 


S. Department of Commerce 
Publications 
Request thlicat 
Office of Technical Publications 
U. S. Dept. of Commerce 
Washington 25, D.C 


ions Trom 


PB 121941 Research on Elevated 
Temperature Resistant Ceramic 
Adhesives, Part 2, by 
H. G. Lefort, R. M. Spriggs, and 
D. G. Bennett, University of Illinois 
for Wright Air Development Center, 
U. S. Air Force, $2.00, 74 pp., 1957. 
Vol. 1 of the report, released earlier, 
is PB 121659, same title, $2.50, 99 
1956. 


AEC-tr-2941 Project of a 420 MW 

Atomic Electric Station, 
Participation of USSR in ari 

national Power Assns., 25¢, 22 pp., 


1957 


PB 131062 Preparation 
lectrophoret c 
Werner and 
ro Corp f An 
Development Center, U 


$1.50, 53 pp., 1957 


PB Res 
El lor 


105° 


Cat 


n he 


PB 121908 Ry 
: “Part 
Quantum Inc 


lopment Center, 


PB 121856 


S. Ai r Force, 50¢, 


PB 131046 Development 
Destructive Ad ve Bonds 

y J. S. Arnold, Stanford Resear 
Inst. for Wright Air Developmen 
Center, U. S. Air Force, $1.75, 62 pp., 
1957. 


PB 121662 A Handbook « e Prop- 
ertie of Cold Worked Steels, by 
I bert, Case Inst. of Technology 
wn Arsen al Laboratory, 

ny, $3.00, 113 pp., 1955. 


PB 111917 Literature Survey on 
Leaded Steels, by R. C. Elli 7 and 
D. M. Koffman, Watertown Arsen al 
Laboratory, U. S. Army, $1.00, 38 
pp., 1955. 


PB 131025 Interrelation of Fatigue 
Cracking Damping and Notch Sensi- 
tivity by J. Demar, University of 
Minnesota for Wright Air Develop- 
ment Center, U. S. Air Force, $4.25, 
164 pp., 1957. 


PB 121795 An Investigation of Inter- 
granular Ovxidation in _ Stainless 
Steels and High-Nickel Alloys, by 
C. A. Siebert and others, University 
of Michigan for Wright Air Devel- 
opment Center, U. S. Air Force, 
$1.50, 53 pp., 1956. 


Books ured spacings, and the practice of at- 
taining accuracy. Index and Appen- 
dix are included. e ty 
Continued from page 565 ¢ 
> 
tective 
3 DI Meth- 
This new and up-to-date 
Koenig, Bureau ofEPring Re- hensive reference book consi Wricht 
earch, ¢ ege of Engineering, Rut- materials from the viewpoint of en- Ss A 
‘ ¢ 
N.J., 53 pp., 75¢, 1958—This is a re- equipment. Gathered together in this Ez 
port from the New Jersev Ceramic one volume Is the kind of informa- rch and Development 
Research Station of the Rutgers Bu- tion required Dy anyone concerned sition of New Chro- 
reau of Engineering Research. It de- with planning design, = structure mium and Chromium-Alloy Plate ; 5 

: ribes the f lings In some phases olf m ifacturing ana erviceablity by L. D. McGraw and others. Bat- > 4 
the extensive research in ceramic Each of the 43 sections was prepared telle Memorial Inst. for Bureau of ; 
dielectronics which has been carried by one or more specialties. Emphasis Aeronautics, U. S. Navy, $2.25, 82 ' ’ 

out there ver the mast twelve vears is placed on the fabricated forms ol! 

’ The subject matter of the Bulletin is materials, their physical ana mechan- 
livided into five sections melting ical properti their adaptations ad- tlutic Effect of Tita- 

and safe operating temperatures of vantages, Ul ations competition Yridation Stability of Lies 
ceramic materials, thermal conduc- with each other, protection against Lubricants, Watertown Arsenal Lab- ye 
tivity of ceramics, thermal expansion leterioration, and increase in thelr ratories, U. S. Army, 75¢, 28 pp paws 
of ceramics, thermal endurance of tabllity to stana use and abuse. Ine 1955 f E> 

‘ lense ceramics and thermal condi- handbook contains 648 illustrations. e < 

tioning. Each suum has its own AEC Research Reports Price List or 
ibliography. Seventeen illustration and Steel Indus- v0. ¢ isting of more than 4 un Pahl 
enrich the text to A.D. 1775. bv classified research reports, Free, ees 
e lr d Steel 1904 
Institute, 4 Grosvenor Gardens, Lon- oe 
ion, S. W. 1, England, $8.45, 1957 
This long awaited book is the first 
39, by Sigmund Weissmann, Bureau comprehensive history of British sig 
of Engineer ¥ Research, ( ege of iron and steel making from its earli- a. 
: Engineering Rutge University est appearance in prehistoric times UL Air 
- 105 in S. Air Force o¢, 30 pp., 1956 

New Brunswick, N.J., 46 pp., 195¢ o the introduction of steam powe! ree, (oe, PP., Fe 
This bulletin describes the new dif- Written in two parts, the book deals a ment of Metal 
raction method ade ned to stud luc llv wit} manv fascinating tech- B ve 

the lattic« mperfections of nel nical and archaeological problems os 

: the latti imperfectior sing k Heat Resistance, by J. M. Black and 

crystals as well as coarse and fine anda is copiously Ulustrated to make 
rained s imens. an scusses th he subject interesting not only to .- = , 
grained specimens, and discuss ne Laboratory, U. S. Dept. of Agricul- 
results of their application to some the iron master ana engineer, Dut for W: ‘ 1) pment 
The also to the historian and archaeolo- U 
gist Center, U. 20 pp., 
ay Bist. 1957 
* f 
Vs- 
tal 
of 
ul- 1957—A summary of rest 
hardening of aluminum 
t ol loy Part I if voted t X-ray, 
microscopic, mechanical, electrical, 
magnetic, and colorimetric results of ia 
experiments Part II deals with the * 
thermodynamic energies and kinetics a 
of the harden 
graphy lists 
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Harbison-Walker refractories used in the world’s largest 


ELECTRIC COPPER MELTING FURNACE 


at American Smelting and Refining Company, Perth Amboy, New Jersey 


Exterior view of world's largest electric 
copper melting furnace (courtesy of 
ASARCO) 


The Harbison-Walker refractories which are particularly suited for 

use in the different furnace positions as here graphically illustrated, 

assure long, economical service. These brands are making records in 

electric copper melting furnaces at various refining plants. 

THERMAG and CHROMEX B brands are selections for this electric furnace 

requirement, from a full score of Harbison-Walker basic refractories, 

many of which are widely used in copper smelting and refining practice. 

Among these, several of the leaders are: 

¢ CHROMEX B~—giving outstanding service in anode and wire-bar 
furnace side walls and in converters. 

¢ METALKASE-steel encased basic brick, both plain and internally 
plated. Made in various sizes and in suspended arch shapes used for 
roofs of refining and matte smelting furnaces. 

¢ H-W MAGNESITE - consisting predominantly of stabilized periclase. 
This brand of refractory provides the most strongly basic linings for 
greatest resistance to severe fluxing by basic slags. 

In addition, Harbison-Walker products include all types and classes 

of refractories for every metallurgical furnace need. 


HARBISON-WALKER REFRACTORIES CO. 


AND SUBSIDIARIES GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 


World's Most Complete Refractories Service 
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FALL MEETING REPORT « « «© « 


THE FALL MEETING 
OF THE METALLURGICAL SOCIETY 


Program and Abstracts 


General Information 


Registration: To minimize confusion on Monday 


lit 
ilities will be available on 


booklet as 


T ) st 
n regist 
r th 
those 
is are I to 


nent 


ioned advance 
gister on the 
i M ynday, Tues lay 
00 am to 4:00 pm, and on Thu 
ay f 9:00 am to 12:00 noon 
Fall Meeting—Three Divisions Represented: This 
time the Fall Meeting has a new 
The Metallurgical Society 
Metals Division.” In 
arranged by the Insti- 
n and 
1 this year will involve four simultaneous ses- 
sions from Monday morning through Thursday noon 
Institute of Metals Division Sessions: The IMD 
Semiconducto! ‘ommittee will hold the fi! 
its sponsorship on Monday morn- 
The subject of this session will be 
a lium 
on Semiconductor Metallurgy.” The technical ses- 
lowed by a luncheon which all 
interested in the subject of Semiconductors 


on Government-Sponsored Research 


re invited to attend 
The IMD Chemistry and Physics of Metals Com- 
‘e is sponsoring two sessions to be held on Mon- 
norning and Tuesday morning. The first will 
be a Symposium on “Point Imperfections,” and the 
second, a Symposium on “Effects of Small Dimen- 
sions.” 
The IMD Physical 
hold the first technical session under 
on Monday afternoon with a Symposium on “Effect 


of Ordering on Mechanical Properties.” 


Metallurgy Committee will 
its sponsorship 


The Seventh 
nir 


Ut 


a panel discussion 
ice, Quality, and 


Ingot, 


sessk 


lum Sponge, 


+ 


Market 


liscussion 
im Abro 
if Defense 


A lla. 
AALIOY 


ymposium on “Nuclear Metallurgy 
ld on Wednesday morning and afternoon 
“Fabrication of 
On Wednesday morning six papers 
subject of “Ceram Base Ele- 


+ 


afternoon, 


the Symposium 


seven papers on 


Base Fuels Jacket Components.” 
The IMD Electrical and Magnetic Metals Com- 
ll hold its first technical session with 
Methods in Metallurgy,’ 
| rev Magnetic Materials.” 
“Applications of Magnetic Materials.” 
The IMD Refractory Metals Committee, in co- 
ration with the IMD High-Temperature Alloys 
Committee, wi resent three inical sessions on 
Wednesday n and on Thursday 


morning “h tit] f th three sessior 


re- 


i ns are 
“Oxidation ‘abrication,” ‘“‘Metal- 
lurgy of Columbium and Its Alloys,” and “Mechani- 
perties and Effect of Interstitials.” 

The IMD Powder Metallurgy Commi 
conduct its annual symposium with papers 
purity tantalum, molybdenum-nickel dispersion al 
loys, titanium carbide, and carbony! iron. An addi- 
tional feature will be a report on the Third 
Seminar held in Reutte/Tyrol, 


Plansee 


} 


Austria. Following 
the practice in recent years, powder metallurgists 
will gather for a general luncheon after conclusion 
of the technical session. A report will be given on 
the Geneva Conference on atomic energy After 
lunch, there will be a session on 
Sintering.” 


“Liquid Phase 
Twelve sessions of research summaries have been 


scheduled based on the submission of some 80 re- 
search abstracts 
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tanium Symposium will be bee 
he feernoon. At the 
morning vill be held on 
these topics, “P New Process 
morning, registration fac] Prospects for Titan and Bill 
the Mezzanine f the Carter Hotel in Cleveland on Price Trends and MMMM Analysis of Titanium os 
Sunday, October 26, fron 00 until 9:00 pm. If you Products,” and “Current and New Uses of Titanium tot 
are in Cleveland on Sunday, please register in ad- in Missiles, Aircraft, and Aircraft Power Plants aoe 
vance. The registration fee is $5 to AIME members In the aftern will be held on “a 
$10 to nonmembers, and $1 to nonmember students ‘Status and | id.”’ “Review of ae 
The fee includes the abstract HN Jong as the Department lling Program, ‘: Ae 
upply lasts. There wil n fee for and “New Hi Pe: 
St Members of Al HandAina 
AGOTIL vel Al Lenaine The An 
tne otude ‘ tel Wl1ll DE he 
The subje 
| 
Fuel Eler 
will be giv 
ments 
jee 
l 2 
: 
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GENERAL INFORMATION GENERAL INFORMATION 
meeting, G 
Amsterdam (Nether! 

Magnetization.’ 

and November 1, there will 

Stresses.” 


Extractive Metallurgy Division Sessions: The Ex- 


M gy Division 


ASM Campbell Memo 
nd t} 


ind ¢ ond ON os I Pete I ravson, Assistant lrector of Re seal 


f the Phase Rule in i lui I steei Corp., wh speak Wednes« 


Statl 


te 
t 10:00 am in the 


His subject wil 
Iron and Steel Division Sessions: 


Divi n ni arral t 


iged wo sessk 


National Metal Expositio: 
ium and Exhibit 
week of October 27 


en irom noon 
and Wednesday, and from 10:00 
Authors’ and Chairmen’s Breakfasts: The break pm on Thursday and Friday. Some 400 nat 


na 
y } rmer 
e€SS10! cnhairmen and 


pape 
October 


sessions, 


> 
noon 


Volume V on “Nuclear Metallurgy” 


presente d at 


he IMD Nuclear Metallu: 


ul 
“Fabrication of Fuel Elemen 
' Annual Fall Dinner: T! ial fall dinner will n » been printed in a book <5 
; t held in the Rainbow oon f the Carter Hotel Vletallurg\ (Vol. V) 
8; pm. m urct your copy at the Registra 


or order by mail from AIME Headquart 
West 39th Street, New York 18, N. Y 
(Copies of “Nuclear Metallurgy,” Vols 


III, and IV also available.) 


Annual Dinner 
Tuesday. Octobe 


6:30 pm, Rainbow Room Foye 
Cocktail Party for Dinner Guests 
7:00 pm, Rainbow Room 
Annual Fall Dinnet 
tm W. J. Harris, Jr., Chairman 
National Metal Congress and Exposition: The Fal! Institute of Metals Dix 
Meeting of The Metallurgical Soc lety Is part of the 
Annual Met ‘ong! The American Society fo Welcome Edward Mapes, Chairman 
Metal headquarters he Ho ‘leveland Cleveland Section, AIME 
lton. Tt nnual ASM Seminz 
vil held n A one os Speake! Dr. George B 
and 26 nmediately preceding the opening of the pepertay nt ol atten the 
National Exposition at the Statler-Hilton University or Wisconsin, 
3allroom. The subject of the Seminar will be “Mag- Madison, Wisconsin 
netic Properties of Metals and Alloys.” At a Satur- 
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enau of the 
tractiy ) will speak 
Fall Meet Oo, on Octo- i 
beer gal Seminar on 
Ext active \ 
n Tuesday m 
Halide Syst ch, 
tl ns ‘ ay 
room of the 
to be given 
n Tuesday morning and afternoon, which wil) fea- The is being held at the 
ture el t by U.S. metallu gists who Nave recent- Public Hall I Cleveland 
ly visited iron and steelmaking plants in the Soviet jurir 1. The Exposition 
Ur lay, 
to 
m- 
fast f met- 
present i ais, tne treatment of metais, the fabrication of 
27. For chairmen and authors on Tuesday == companies, will exhibit their products, equipment 
the breakfast will be held in the Aviation Room at and services 
; 7:30 an mn Tue sday, October 28. The breakfast in 
the Aviation Hh at 7:30 am on Wednesday, Octo- 
ber 29, will be for both Wednesday and Thursday ee 
authors and chairmen. The breakfasts will be on The papers t um 
vy 
sk, 
there will be a cocktail party in the foyer of the s, 29 
Rainbow Room for dinner guests. Tickets for the 
iinner Wl idmit the holder t the cocktail party I II 
Ladies are cordially invited to the cocktail party P| 
and dinner. Dress will be informal (business suits) 
Dinner ticket will cost $6.50 each and will be on 
ale at the registration desk in the Carter Hotel 
F during the meeting. Registrants are urged to buy 
¢ their tickets early when they register to enable the 8 
3 4 
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00 to 5:00 pm Deformation I (Embassy Room) 


Special Luncheons 4:30 pm IMD Membership Commi 


ip ittee 


ne 


Tuesday, October 28 


8:00 am 


Breakfast for Tuesday Authors 
and Session Chairmen 
(Aviation Room) 
4:00 pm Registration (Mezzanine) 
12m Svmposium on Effects of 


Dimension 


12m Syvmposit yn 


stry of Halide Syste 


nem 


( Embassy Room) 
Calendar of Events : it 2m Symposium on Steelmaking in 
Sunday, October 26 


the Soviet Union (Oak Room) 
MD Council of Technical Com- : m I itanium Metal Symposium (1) 
littees (South Ger rgian ( Ballrs m) 


) 7 2n IMD Executive Committee 
rams Committee Meet- Luncheon 
rth Georgian Room) 

tion (Mezzanine) 

ublications 


(South Georg 


Monday, October 27 
8:00 an Breakfast for Monday Auth 


and Session Chairmen Steelmaking in 

(Aviation Room) he Soviet Union (Lorenzo 
*orter 

4:00 pm Registration (Mezzanine rter) 

12n Symposit 


Deformation II (Oak Room) 
IMD Nuclear Metallurgy Com- 

llurgy (Oak Room) —_ Meeting 
Oxidation and Mechanical Prop- (South Gee 


General Metall 
rgian Room) 
bassv Room) IMD Awards Committee Meet- 
on Government- ng (South Georgian Room) 
nsored Research on Semi- ? 
juctor Metallurgy Wednesday, October 29 
» Carter) 7:30 am 


lurgical Society Program 
Luncheon—Sponsored 


e Breakfast Meeting 


IMD Semiconductors Com- 
ish Room) 
‘itanium 


Luncheon Meeting (South 


Georgian Room) 
x Wednesday and 
rsday Authors and Session 
{00m ) 
tration (Mezzanine) 
on Oxidation Pro- 
tection and Fabrication 
(Ballroom) 
High Purity Metals (Oak Room) 
Precipitation and Segregation 
(Embassy Room 


Symposium on 


rgian Room) 8 im to 4:00 pm 
IMD Chemistry and Physics of » 10 
Metals Committee Luncheon 
Meeting 
(North Georgian Room) 9:00 
to 5:00 pm Symposium on Effect of Order- 9:00 
ing on Mechanical Properties 
(Ballroom) 9:00 
to 5:00 pm Annealing of 
(Lore 
to 5:00 pm Equilibrium anc 
(Oak Room) 


30 am 


Ceramic Base 
Elements (Lorenzo Carter) 

Metallurgical Society Board of 
Directors Luncheon Meeting 
(Aviation Room) 
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¥ 
The IMD Semiconductors Committee, and 
the IMD Powder Metallurgy Committee will (North Georgian Room) mh 
each hold a special luncheon following then 
ry 
ndicated below 
Semiconductors Luncheon, English Room, 12 eile 
noon, Monday, October 27 ee 
Powder Metallurgy Luncheon, Oak Room, 12 8:00 am t go 
noo! imsaday, October 30 9:00 am to 
be purchased at registration desk 9:00 an to - 
in Ws 
ii: UU am 
Ri 
2:00 pn IMD P 
no 
00 to 9:00 pr Regist (11) Ay 
T 
4:30 pn IMD |} 
f the Ph: Rul in Ext: 
) OT ne Nas€ sXtrac- 
tive Metallurgy 
(Embassy Room) ag 
6:00 am t 
a 
9:00 amt l2n 
9:00 am to l2n eo 
2 
l2n Genera 
by 
mit 8:00 am at 
l2n IMD 
9 
2-00 
2:00 
yA 
2:00 
8 
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Symposium on Metal Base Fuels (South Georgian Room) 
and Jacket Components 8:00 am to 3:00 pm Registration (Mezzanine) 
(Lorenzo Carter) 9:00 am to 12m Symposium on Mechanical! Prop- 
Symposiun n / rg erties and Effect of Interstitials 
Columbium ar All (Ballroom) 
(Ballroom ) 9:00 am t 2m Diffusion (Embassy Room) 
Symposium on Electrical and 9:00 am to 12m Deformation and Fracture 
Magnetic Metals (Oak Room) “nglish Room) 
Transformations 9:00 am to 12m Symposium on Powder Metal- 
Room) lurgy (Lorenzo Carter) 
00 pn Surf Treatment Com- 12m ral uncheon—Sponsored 
uuth Georgian Room by I POV r Metall 
Committee (Oak Room) 


> q 
Thursday, October 30 2:00 to 5:00 pm Symposium on Liquid Phas« 


7:30am IMD Powder Metallurgy Stee: 
ing Committee Breakfast 
Meeting 


Monday, October 27 


9:00 am to 12m, Lorenzo Carte: 


Sintering (Lorenzo 


Symposium on 

Point Imperfections 
by the Chemistry and Physics 
Metals Committee) 


Chairman 


Imperfections: J. W 


ty 
itmen 


and Pow npert i A. S the Mechanism of Hydrogen Embrittl 


1.B.M. Watson rator} ‘olumbi ill and E. W. Johnson, West 


2m, Oak Room 
General Metallurgy 
ion Submission of Research Abstracts) 
tand R. W. Fou 


of Liquid Metal in a 
Henzel. General Electric 


Charged Steel 


Nickel J. F. Watson, 
Laboratori and M. J. Sin- 
Michigan 
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Carter) 
ict 7 STP: pe ‘ f powde ed heating 
t ture {1 \ gas xtures ected were 
posed ‘ ne pe ‘ ir ‘Hw Ho 
t give pow de re dependent upon how the powde vas 
juced and treated. Nickel ade juced t ste ttering 
: r jesorbs CO co, HO nd SO nd the ec! beer 
shown to be ‘ f surface esorption. Powde t juced te 
Sponst scatte g. ther nnealing it racked es CO and 
{ Spo! re ints of H icO. The CO i He ef ed 
ra) f i ed xveer rbor nd } irogen while the H ico 
‘ t be the pr fucts f t s betwee HA) CoO 
( Fishe ition « eH HO nd CO j juantities of 
co i SO... These gases e f ed f jiss ed elements in the 
; Irradiation Damage and Point [i etallic phase. Nickel powder produced by water at tion ir 
| Corbett, General Electric Co nitrogen atmosphere, followed gen anneal at 1200" 
: ‘ : elde nor amounts of H nd CO iesorption to ter 
Internal Friction and Point Imperfections: C. A eratures of F 
Wert, University of Illin ‘old Worked Iron-Cart 
niversit f en in ( ked | -Carbon Alloys and 
Thermal ment: M. L 
Now ick,  inchouse Electric 
I niversits Corp 
9:00 am to 1 Cold working of n-carbor vs pr to treatments in hyd 
on t pressures fr 1 to 150 atr eratures 201 
° iroge i jecrease in the hydrogen diffusivit These effects 
The suppos ide ‘ iroge 
the toretit atten sind Ghat 
q ly M st f it is trapped perfectior The the net 
trapped ir ttice defects suct neie nd d ks 
se elec ‘ ‘ g de 
3G Co f tior f the two-phase ps t st ture The expe ent 
i esults agree with the postulation that the trogen is trapped as 
t ft i-ingot interface temperature and the speed of gee 
Th. mertia the i. the f at wnd Ked ided we 
the et P t ed t be equ it the € » ne 
entered it metals. The flue iroget that the 
t t ‘ ed t I hk nd Hlink ising imbia — 
‘ t ite f the free ff te ngot bs 
curves obtained by Pellini in sand and trot General Electric Co 
f i j e steel ingots 
a I has beer showr prev is that wher ’ i ste« ror 
’ 2 } time-temperature relatior ss ted with the eld point returr 
Convair Researc! were easured. The kinetics of the return of ductility to this same 
nott. University o hydrogen embrittled steel was also measured so that the two pro 
esses ild be pared 
\ study |} bee wide of the gases desorbed from several types Cc mercial rimmed steels were elect t charged with hj 
{ ‘ kel powde whe heated to ele ted tempera- iroge t 100°C r bat f dilute sulfuric acid poisoned wit! 
‘ The led the Jeterr the int mpo irse These spec ens were then ged ir furnace nd tested 
tion. and t ‘ ire-dependence e de t 
+, 7 8 
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‘rs Formed by Reduction of 
E. Cech, General Electric Co 


9:00 am to 12m, Embassy Room 


Oxidation and Mechanical Properties 


(Session Based on Submission of Research Abstracts) 


W. D. Robertson and M Metzger, hairmen 


Copper- 
Aluminum Wood, General Electric 
Oxide Particle Dispersions in Internally Oxidized Co 


Copper-Aluminum Alloys: D. L. Wood, General 


Mechanical Properties of Internally Oxidized Cop- 
per-Aluminum Alloys: D. L. Wood, 


General 
Electric Co 


2 eee Strengthening of Copper Alloys by Internal Oxida- 
trength is incr i by interr i tion: M.S. Ali and V. A. Phillips, General Electric 
rreciably by va lor an 


of the oxide s, but is de pendent upon th at Co 
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The vield point s we s the ductility was shown to returr ilthougl rapid X-ray line sharpening was served | ac pe cis | &: 
‘ the was g Ir nealed te f two sizes, hardening irred 
e during the harging The eld point should the essent jeformatior nd apparent structural 
t n t the t f these ‘ Theref the ‘ the tter the es e those for parti 
P e the yield | t were easured. They were found in bot! bs 
ses oe equ easured Reduction of Nickel Oxide R. E. Cech, General 
Additior ex pe ents were perf ed that pI t the present Electric Co ia 
the yield | t iz tee t f gle t f nicke xide have been examined. A als Med 
jleduced the estigat i t 
tation relat ps of reduced nicke stals with respect Be: 
Fatigue in Single Crystals of Copper: M. L. Ebne: e te que. A tot f 14 reductior entation relationships ye 
rs were found. These were ssified 
4 > net + et Ke Ke e v ing. 4 
and W A Backofen Massachusetts Institute of 
Technology ‘ ps which are 
Single stals of high-purit ppe were def ed ir ternat- +} ie sit n the 
ing ns ene stic s ide p- es the eductior nterface. Little 
ening be wee oheerved el to the interface is required in the 
Anidire ‘ I tat elat ships, each of which have simultane- 
gue es ke “ide the w index plane el t w index ma: 
be t i ft t tior nd were A s ted th pat > tatior en 
‘ serves Vv e of st f kel having the unique 2 orientat 
erns of intersection s rhe ess of crack ¢ tion Is r In « e the ‘ w index planes are tated such that eee 
sidered t e be i t the nset f satu tior Depe neg por ‘ sunernosition 
e slip dire e systen enting the el planes 
ce surtace, | King eithe execu 4 ‘ f entation relationships which appear to be due 
sive ett ely esse I st ing zat f reduced g ns of nicke growtl f grains 
took nt ne ere esent significant ar ints after reduction 
which surface steps t slip grow ) ks through the et. 
peration of dis t sources t ross slit 
Nicke whiskers were grown on a substrate consisting of single a 
stals of ke xide. The xide surface nd internal structure ee 
) ry the site where w skers were tor ed was ex micro- 
Hardening Characteristics of Polycrystalline Coppe1 Cryst be af wane 
Under Fatigue Loading: M. L. Ebner and W. A ed simultane with crystallograpt entati f the sul te 
Backofen, Massachusetts Institute of Technology The Scot se tions of nicke xide crystal substrate i: 
s ence that whiskers icleate at es where disloca- 
vst ne FH¢ per was fatigued ir ternat bending ters the ‘ 4 the “ide + 
nstant deflect i the gress ening f wed by The t rientatior t nshif betwee! nicke wey 
easurement of be st the i ‘ ng i <ide substrate is ne ne of the high-index 
M ent f i ked te was rtu tant wit entation relat ps produced by hydrogen reduction of nickel “tae 
< ing ts depender n deflectior plied elast lefor tior xide +t 
panied ss of ductilit particularly at higher temper- ‘me 
tures. Ele ted temperature ductilit s considerably improved if ee 
to testi 
Electric Co eries f easing temperatures, new recrystallized grains first oe 
ppea t the central portior f the strip at relatively low-anneal- oh 
Electro: nd ght croscopy were use to study the particle g temperatures. W ncreasing anne ng temperature the re- gi. 
st tion bounda es outw i tow i the surface of the 
size in internally dized coppe u nu liscontinuous 
‘ spe en. The observations appear to be in agreement with the in- 
strings of particles is observed under particular conditions ease r xide particle size with increasing distance fro the a 
surtace 
It possible to 5 juce xide dispersions in copper-aluminun ae 
i ys that wi prevent recryst zatior f severely cold-worked See 
nate n annealing at a temperature of at least 0.94 of the melt- Bt” 
ng point. In material that does not recrystallize, the amount of ae 
softening panying annealing depends on the solute content ris 
and on the degree of cold deformation bo 
The hardness of the subscale eS 
minu llovs decreases with d a3 
{r the ncrease n oxide p t 
t ticles. h the vie 
jatior t is_pot i ‘ ed 
distribution 
9 10 pe 
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Deformation and 


J. B. Cohen, B. Roessler, 
chusetts Institute of Technology 
Deformation: P 
CusA Net 


‘ 
2:00 to 5:00 pm, Ballroom 


Symposium on 
Effect of Ordering on Mechanical Properties 


(Sponso1 the Physical Metallurgy Committee) 
Paul Shewmon and John Hirth, Chairmen 


stics of S orlattice: f prevec 
ti OL upe ALLICE 


t 1 t t tik t I r i tment iced 
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Deformation Characteri 

Westinghouse Elect: 
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I t ‘ tie 20 pet Al, C 45 pct M Cu 27 th stresses re ha 1e sufficiently high t ise CuO whisk 
t 9 ncie nto the CuO. The Cu,O 
t t t t ed At te ture t h the Cu ief 
Effect of Oxygen on the Tensile Properties of Tita- Initial Oxidation Rate of Nickel and Effect of the 
i ( reng, ( Elbau a W. ¢ Winegard Curie Temperature H. Uhlig, J. Pickett, and J 
vs t 4 nt MacNairn Massachusetts Institute o! Tec hnology 
I ‘ to 442°C g NiO films up to 3400A thick 
te t \ t t ‘ t? st t the 
‘ t erature Dat t ed at 39 nd 4 
Role of Oxide Plasticity in the Oxidation Mechanisn ic equat 
f Pure Copper: J. A. Sartell, R. J. Stokes, S. H etal to oxide, th tinuity of oxide thickness at the 
Bendel, T. L. Johnston, and C. H. Li, Minneapolis- t ‘ e the e temperature than below. The 
The ths ‘ on the at - ‘ s 1 - t 390°¢ 
the e with t te {N ed to C It is 
oO but the aot slate that t t e wit N Cu wers the 
m the " ‘ t the t te ‘ ture At te ‘ t t grees the ‘ ‘Cul th the energ equired t excite r 
‘ w the t t f é t t ; t et f Cut) the elect f the filled t it the nduct n band 
9:00 am to 12m, consequence of the ordering process. At low temperatures the na 
t th hase The effect of ter- 
the ‘ trengt iw k ns f jered 
» te The the ¢ ne the 
: ‘ ’ ¢ t nece the e of est energy. When it 
(Sponsored by SEL ctors Committee) he f lowest energy. Wher 
D.C. Jillson and W.C H tr nger, Ci odie eque gh te De ture 
or trengt i eet ‘ st served Measure ents r 
The Industrial Impact of Transistors: J. A. Morton, be reported thane 
Bell Telephone Laboratori e observed 
Review of Armed Services Activities W. R. Cher ry, Po 
vans gnal I 
Cornel A 
ter; Paul Egli 
rdered and dis jered 
i rolling. The resulting 
ired by te e and 
tivit were dete ned tructu effects of the deformatior 
ere estigated x liffractior 
In te e test lered spec ens st n hardened more rapidl) 
. than d lered spe Hardne test nf ed this behavior 
The eners ontent of the rdered mate l, init smaller than 
J that f the lis lered r eased rapidls nd at the gest str ns 
nvestigated 2.2¢ PI ached the se for dis jered ite 
the st ty wed patterr After id working 
4 the superstructure peaks in X-ray patterns had broadened in a dif- 
‘ aah rT} Toot be 
antiy eT ‘ ‘ the iw ked pec ens 
11 12 
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‘ e x peaks indicated e Anneal-Hardening in Aluminum Bronze R. W ae 
Cahn. S. Chinowsky, and R. G. Davies, University ae 
Effect of Orde n the Plastic Behav of Iron- Birmingha England te 
Aluminum Alloy: F. X. Kayser, | iM ( \ 80 n i ——e 
t t A S . t 4 test t t ‘ ne n the above nge of eee 
t t t t t te t hange ttice par 
‘ é ‘ eve e re- 
t ts. I t ‘ teat worked vs 
‘ x ‘ é i-v ced 
‘ ‘ Ex pe ents the 
t 
t t t 4 the ‘ high te De ires 
t 25 at Orderi1 nd Creep Properties of Iron-Aluminum 
Al A. Lawle \ vive 
nd R. W. Cahn, University of Birmingham, ae 
1 ‘ Fe s (19 t st 
rien ne re wecna Cal ! pertie I - 
Beta Bra N. Br vn, Universit if Pen Val ; t t E t ents were ried it 4 ie 
t t t + nd 25.5 at. pet 
‘ ect the t t T < { mn subseque 
ture It is ess t eheat to te 
t t t I t f « jer f ng pid | en 
t t that as 
.- T t with 24 nd 27 t. pet Al was 
orde: ‘ 490 to ¢ In« se, steady state creep 
‘ ted ¢ enewed i ng. The init creep 
tt tt erature, s ws jistir jiscon- 
t t t t t here s ble t rer ve nter- er 
2:00 to 5:00 pm, Lorenzo Carter etc. The purity element 
(Session Based mn Submission of Researc! Abstracts) aa 
957 48, p. 341 
R. F. Hehemann and R. P. Carreke J. L. Cc. G. Dur Te iry Recrystallization in Sil- 
I ‘ i 
tion in High-Purity Silicon-Iron: J. L. Walter and —_ oe 
CGD Ger | Elect lization Cube-Orientea Nucieus: ©. U 
J. L. Walter, General Electric Co 
l | 4 be text e t t t The t t ibe ented nucleus ir 
The t ne t e} te is irity | ee studied during a 
- T vet to a 
‘ et ed 1 texture ‘ texture | ibe n-edge ll 
tt the existence of ference it I ted eus was selected after ar nealing 
f free between the (If i the grov t designe t tiate s re stallization. The 
: ; . twelve ne i | ete f ut five t es the sheet io 
P the s« j <t t The trix id eters bout two times the 
hat ft t ir t pct n whe subjected t fferent eet t k s. TI entations of the icleus and the surr unding ce .. 
t es during th t ‘ ‘ ete ed by the transmission Laue method. The posi- Re. 
ibe texture when the te t eals were revealed by the ves. The grooves left 
nealed at te eratures of 1200 1 13 C for time ip t if ind positior i flat bott s. Present boundary ae 
s te her nnealed it iry } irog 1 first t . ere revealed s! p V shaped ge ves Ets, 
the 1 texture 2 hr at 12¢ ( t \ the t x ss inding the nucleus was one 
t t Conve mn to the (110)[001| texture by tert re s t 11 orientat Other grains had orientations near this bs 
t tior ; iditional hour at 1200°C. Use of highe The (1 nucleus Was seen to grow at the expense of the (110) aca 
jecreases t t nd temperature equired f 
plete s st tior The e f st vst tion was expected t& 
Fr these ——~ the bse tions it is believed that the selectior e bot ag n bou te nd surface energy term eo 
f the ticu R ns for second: growth depends upon the Su e energ | ng f es e known to be involved in the a 
13 
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Tungsten: J. W ch. General Electric 


Temperature Dependence of Grain Boundary Mi- 
gi urity Lead Containing Small 
Additions of Ti ¢ T. Aust and J. W. Rutter, 
General Electric Co 
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t t ‘ t t ¢ in Re lled 
The prete ed entatior f i ed tungster was lated 
T tu me t pe ture eans f pole figures 
Addit nf t tained f back reflection powder 
. re ture ** 
5 tat l Anne ng did not produce a change f texture 
be 1 ( l ( new texture ed m the loubie 
J ' G.D Tert Recryst tion in Sil entation {1 11 levelops. Alternatively, this can be 
M structure bse ed t e! s 
Secondary R tallization in Silicon-Iron: J. E. * aring temperature is increased to 1800°C. For treatments 
vii ind VY. iurnou General Electric Co letect 
‘ f these obse tions terms of polygonization, sut 
tructure i recryst tion was ide 
t tects t was X-Ray Diffraction Study of the Perfection o! Alu- 
' ; , minum and Copper Crystals Grown In the Solid 
T ‘ + 7 > L Tre 
= State: M. N Parthasarathi and I A. Beck, Uni- 
versity of Illinois 
a t t hibit jepe ent texture-depe i t er 
The t ‘ 2s i 
W G Gens Electric C ex ed in 
t < te ge few f the 
t eale g t st had detect ‘ 
j f the 7 t s ex € “as 
Tort 1 Thine 
t I pe ‘ Annealing ot ! nt Defects in ( id-Worked Tung- 
- and the Influence of Impurities on the Kin- 
} 
te etics L A. Neimark, Argonne National Labora- 
thick the torv. and R. A. Swalin, University of Minnesota 
t e 2 ‘ ‘ the 
. P < ‘ t < t t ‘ t t ( n the undoped wire 
energ f 1.5eV i12eVf the und ed j ped 
V 2.3eV f the undoped and ped wire espective Re 
Or the Deter na { rrete ea Orientations the t te t ght t epresent the binding 
7 f t t It alculated that defects 
Cc. G. Dunn, Gene Elect Co pu efect 
- ‘ ps before nit t nm the ped ti the ur 
‘ ting t t x t f the defect purity) 
t idit been the ibject of nsiderable 
‘ ; ‘ ‘ direct ‘ nhibiting re t zation and not the 
ant ete . ‘ direct le {i creating f sit wt h then inhibits recryst iza 
e t t t t The striatior —_—— structure of elt-grow nele tals 
ted th the textures efined lead containing various iditions of tin was utilized 
I t , entat thin 7 f 110 to | te i ng force f grain bound gration. Each grain 
1 t ‘ ‘ r < entations t indar inder tud eparated the striated single crystal from 
‘ ‘ t f the unst ‘ nd ar ther ¢ which was introduced by calized plastic deforma 
§ ' ‘ t ' ect t ented nuck tion and re st ration of . region of the sample. Growth 
t ‘ ‘ t ‘ the ffect f the strair s f the t t red £ r t the expense of the striated one made 
7 ect t t ed ¢ boundary possible easurement f the rate of motion of individual, known 
grat ‘ ‘ boundaries as a function of compo 
15 16 
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vie irea f the te perature depende f the rate f t pl re t ps t the é t 
ent t it the type ind ‘ tu I it wt 
eased f it t pet. In the e of loa 
‘ et ting sw h be 
3 
t t the solid-liquid Be 
I ‘ f 
(Session on Submission Abstracts) eff ts 
Pol Duwez and E. A. Peretti, ¢ hairmen . .. 
Zirconium and Hafnium Phases Isostructural With i-Liquid Phase Equilibrium in the Bi,Te,-Bi.s¢ 
Ti.Ni: M. V Nevitt and L H. Schwartz, Argonne — = ana W 
Ag ir ft ses isostruct wit TiN ‘ estis ed us 
the f j i ent I Se 
ew TipNi-type phases are as f ws t f fev t- 
‘a 
Zr-Rt 20 Rh 12.47¢ 01 I 
> 47 gray Ss ve 
‘ 
is 
CsC le VI llaton Phacec in Binar lhe ce of 
Ternary System Zirconi Erwin [vype Equiatomic n Binary Alloys of 
1400°C } een established. In the Zr-B and Zr-Si t een ¢ e were f 
pre is ey ted es e beet nt ed. ! +} ete was 
ete l 4A 65 eters 
pre is eported by Nowotr worke the ecre the HfOs, Z Hil ZrRu, Hic nd 
Zr- (Si, F witt D structure nd taining about 5 at t ‘ ttice t test é t 4 and B elements € ae 
The syste s pared with the other Me-Si-B systems re the t Bee te: 
ent eported It v f t tive t 4 B elements is not Beh ag 
f t ses ty pe 
Use of Con: in Equilibrium Dia- For the 39 > 
‘ was ind, the 
cram «A. Tiller, Westinghouse Electric ‘ 985 to 1.439 
Corp pears to be fact ClCs-tyr 
At present, there $ ble nterest in the pret tior f \ te ture 
eve ng tect jue. T it e fu this ethod it is eces t ( r ‘ \ ted that an A ele o° - 
quid and the s i phases f the ’ f interest. This tic ne t t t the t t C G ix a e 
nf Siam ent be dete ed u the nventior ne to the Cr G ip, the ther 
und heating curve techniques f let ning the quidus nd tre I t i tes that f tion of yg 
ethods devis ta provide this information it ement ety t s os 
It w be s wt eoretic y how e controlled solidif 
cation in phase diagram studies enables one to dete ne both the —— Stabilit Se ‘ Bee 
liquidus and s jus surfaces etentines fol , ponent um on the Stability of Cementite a 
with no limitations on the number of constituents. The method 
tituents. The method and B. F. Brown, U. S. Naval Re- 
also allows one ietermine the types of phase boundaries present ‘gal 
in the syste peritectics, eutectics, etc ory 
10 
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i D. Schwope a W.R.C jh, Chairme I the 
Anomalous Effect of Hydroger n the Mechanical fr the 
Properties of Ti-8 Mn and Ti-4 Al-4 Mn A “ ; 
A. H. Fleitman, Crane t  1000°F 
er. 7 trengt the Ti-6A 
A Decision Technique for Evaluating the Effect of 
| Meltir and Casting Environments on Stress- 
com temperat tche train Rupture Properties: J. T. Brown, Westinghouse 
t ere pre Electric Cor} 
Effect of Complexing Properties of Stre test tt ti ! F-25,000 p nd 
Ti-6 Al Mo Al Armour Re- the 1 
eat eat jue reve P ‘ ¢ either 
eat tre u t the Ti-7A M adi ari? photog pi the fr tures 
Strengthe gofaw hed t idit f2 i 4 pet 
Ge, 4 pct S 4 tZ i 2 pet Sn-2 t Z Bet yas com xed ontheat Chane € qualitatively cor- 
Mo spt pet M pet pet ew t be nt t ge nd ble to be ised at higher 
; The iit f the a strengtheners pet Ge 4 pet Ge, 4 , 
pet Sr 4 pet Z 2 pet S 2 pct Z ‘ the P tier Shol + I 
f t juctility except f the 4 pet Ge iciit 
2 In gene ibstitutiz pet Mr 1 pet < f l pet M 
the base pr luce ed te ‘ tre t! without etri 
19 20 


MONDAY, OCTOBER 


J 
Minneapo!] 


Stokes, 


FALL MEETING REPORT 


T 


lis-Honeywe 


MONDAY, OCTOBER 27 


d Crack Pr 


um Sheet 


Metals, 


of a Dispers! 
Ansell and. 


Researcl Labi 


G.S 


opagation 
F. M 


inc 


Tuesday, October 28 


00 am to 12 


al 


9 


. Lorenzo Carter 


Symposium on 
Effects of Small Dimensions 
(Sponsored by the Chemistry and Physics of 


Metals Committee) 


21 


llity and S. S. Brenner, Chairmen 
Properties of Whiskers: 
Virginia 


N 


>, 


n Films: J. W. Beams, 

of Virginia. 

Magnetic Properties of Whiskers, Thin Films 
Small Particles: C. P. Bean, 


Mechanical | 


University 


and 
General Electric Co 


SEPTEMBER 1958, JOURNAL OF METALS—577 


Cabrera, University of 


ae: 
tant r ropert thr T? te ie th € dence that resistance t jislocation 
The ns vad tensile creep properties f ee rhe irtne 
5 ie f svnthet graphite wer determined t 3000 t 53 F, tion take the f } irag rather than a static or a 
stresses of 1f t 4 b pe sq The creer te ir ed r Lert nd W De 4 Wet 557. 195¢ 
tinu with é g temperature i did not show r in 4. E. Goru E.R. Parke iJ. A. Pask 4 Ce S Be 
esponding to the peak found in the tensile strength at approxi- 41, p. 1¢ ) Kaa 3 
te 45 F. The eet ite was wer par el to the g£ n thar bes 
of Preferentially Oriented Bervll 
gatior eate t n 5 pet sused decreases ir iensit Elongations Yans ana A R Ka limann Nucle al |_| am 
ip to 30 pct and densit jecreases up t 16 pect irred during Ho. 
tar reep testir Elengat { Dr te 2 t pet have previously beer 
eved been f ed extru 
Ductility of Polycrystalline Ceramics ( E. May. ) the ‘ ‘ ented el to 
H. H. Grimes, and R. A. Lad, National Advisory 
Committee for Aeronautics to the oct 1 eet yielded st third 
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gne le ta ex? e ductilit A new be« é ere pproni- 
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f e treatments ~ ere ie n the t ted spe 
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Effect of Surface Condition on the Initiation of Plas- eld is sidere i ble os 
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ment the operat f surface dislocation sources sible f Aal wders oat ted. This 
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Artif nduced half ps start to expand at a stress leve we 
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posed to both dr i wet air. The aged surface er thus poses - few active 4 
t iditior estriction on the tion of dislocations as proposed 7 ion antrnge t the grains. The difference in creep be- os 
Lerts d Dekeyse ind Goru € to expial t f the tw of the s attributed to the large dif- 
ference in g n size sent ir ch l 
insprinkled crystals slip is not detected until the stress ex 
ceeds tw th is f the yield stress. Thus the stress required t& Bo 
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‘ i < irce pprox el) ‘ Phys., vol. 28, p. 362, 1957 
e dislocations through the lattic< J. Appl. 28, p. 362, 19: 
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electri resistivity. The results are compared with the theoret ce ptior S giver tus used t Z e-refine 
listributior ie ed t the ith i are found t be n d flexible ea the race 
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estigat tie 99 99 tA iy f 
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The nt | es ex bited jepleted region inded t the 
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é t it te ture at the 4 te init by t g wit kel-base The fab ationa 
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suppresses the fos tion of UAL producing st hanges ona 
tior ere the U-2 I t efect te ‘ i ‘ i 
g. t et posite fue te fat t I t I eq 
ttent directed tov the the er effect ‘ ete f 24 
‘ es ere 234 2 
A ed that 91.6 pct of 
Fabrication of Iron-Aluminum-Chrommmm Alloy 
Fuel Plates: F. G. Tate, J. Neri, and Hl King, Manufacture of EBR-I, Mark III Fuel ar et 
The Martin C Elements: R. A. Noland, N. J. Carson, C. C. stone goa toes 
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Briefly discussed are the characteristics (oxid National Laborator' 
te < ectior i iaptat t t eT essit that re ationa sa dt a ry 
er Fe-A sé f ling t f ot elements the EBI M ll 
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( i etwee et t ere 19 te t er f the 
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‘ rT) 4 t esistance f the ‘ 
stated th the etallurs histories. Test results e rod at ANL for ¢ 
Bonding of Aluminum With Elemental Silicor at 
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rication of Zl! I é 
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pe heat transfe the fue iding nd diff re t 
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casing these ponents icket nd extruding the € i i 
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etchings 04 in. f the id ete Stock f fue , ents fuel eleme e Al-1 wt px N x 01) cla Bo 
ete nd weighing 60 ib. W ight fuel was found to be supe t tue ‘ eas - 
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fue is€ the inifor mh size the ight te A 
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(Sponsored by the Refractory | ittee in 
Conjunchon With the 
Alloys Committee) 
RW nta ind R.C. Nel me 
i and R.C. Nelson, Chairmen 
m- 
Some Physical and Mecha Kling 
; bium and Its Alloys: R. T. Begley and L. L ee 
France Westing! ise Electric rp 
f Some Effects of Alloying on the Strength Properties 
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brittlene the bet sue hed conditior Compound formation the thermodynamics of [imma EE 
{ It v e, through suitable aging treatments, to eliminate eeeeeeee—“CCCSC‘C‘isY 
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sitic transformations which take place in Ti-Zr alloys. Approximate Relation Between Beta Grain Size and Ductility of ie 
tior ed it ff seve High-Strength Alpha-Beta Titanium Allo: A. J 
t t i te t t the 7 ‘ 
tit titar ‘ stems. The A. Griest, A. P. Young, and P. D. Frost, Battelle 
ilt te It w ide he ise 
ficiently fine ‘ Ti-16V-2.5Al) show: é 
eutect 4 nd the eutect i tions eutect i - the - Geld 44 
structure eveloped lick se T 
ed! it te e Ti-7.22 pct on 9 
"The es of eutect evious bserved The 8 Transformation in Zircaloy-2: Josef In- 
The efte ‘ 
irve, betwee 4 nd ( I 22 etwee Z 2 were found to be betwee t Ct etwer 
‘ ‘ The 5 ‘ e « ecto in 
pet ¢ been ut t The te erature t f tion increase 
be completely de sed at temperatures at least as °C with increasing rate of heat & 
iet eas g the te f eat wi i es 
HLA W B. Triplet iG. M. Andes AIME Me er studies j 
I Q5¢ ens 
Pre I New Y k, 19 Nucleat iG wth ie 
Effects of Aluminum on Morphology and Kine Orientation of Single Martensite Plates in Austenite 4 ke 
Alpha Formation in a Ti-10 Pet. Mo Al ; Henry M. Otte, Rias, Inc. (Research Institute fo a 
Aaronson, Ford Motor Co., W. B rr Advanced Study ) 
negie Institute of Technology, and G. M. Andes, 
E. I. du Pont de Ne ete gle martensite 
the iste te trin were lete ed The f 
pet M nd T nee Wi t s the nhs of the 
The effect of m the pF entat elat i be est shed t yuite high degree er 
tive structures e ret juced. This diss ement averages on and @iractions 
nu effects ne The result ere ed wit t single equ precise eas 
aminum displaces the TIT-curves the ¢ pprox te observations of Kurdju nd § nd of 
tals) replace plates, however, the curves f P > sod internreted in te 
The slip syst geneous } ‘ i 
t es in the ternary g the t «4 vas ulated The results 
The te of lengthening of sideplates ts higher =e werner, s ested that the s syste s that which is cl teristic of = : 
; * iwhout the temperature ange studied. As in the case t BCC metals. The ssibilit { f ting ass ted with slip is con AEE Oe 
the TTT-curves, the ite of lengthening increases discontinuous! sidered in connection with the us X-ray diffractior ne ees 
- t ieni und «diffu i i t i 
vations licate that the idition of i nu nereases the 
The effects of aluminu n the kinetics of ; A, 
be tentatively explained in terms f the ncrease n the transus Bae, 
temperature that this element produces. At given temperature ‘> 
+) rati f th nceentrat idients inreacted beta 
ghe Os e con grad 
to the concentration differences across the interphase boundary aman 
which result f m the change n phase diagram geometry wW ‘ eos 
count for the higher growth rates in the ternary) y. The ger The port { the equilibriu diag betwee 2 id 34 at bo 
ndercooling in the ter: loy during transformation at a giver pet Al in iron was revised on the basis of dilatometric data. It was me 
temperature esulting ir a higher v ume tree eneres change found that vs be w 23 t pet A t storn fr ? lisordered Pak a 
should be at w factor in the increase in the rate of nucleatior solut t iered FesAl structure; whereas those above 23 at. pct as 
of pha that aluminum engenders Al t sfor first to FeAl structure nd then to FesAl. The Curie ris 2 e 
ts of ordered ia s were measured 
The isother rdering tes f the 25 at. pct Al loy quenched oe 
H. D. Kessler and M. Hansen: ASM Trans., 1954, \ 46, p. 587 from the disordered region and fr the FeAl region, were meas- fF 
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ture betwe« 2m i 500°C The esults are t the t ples developed by Smith and Guttman' and Fullmar 
t t erat i In addition, f iniform sphe grains, the erage number of 
‘ ntiguity pe ntact can be determined 
‘ ‘ te f t between the r f tact, the dihed ngle nd the 
t t t t gt es ee pat f unif he £ ns re jerived and are 
t t ‘ t the easured quantities f nd r number of ce- 
‘ + +. T te nd br 
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A D J. Gurland, Brown University 
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ilat @ results finite energ) f hesion in the case 
(Session Based Submission of Research Abstracts) f the alk etals. It is als joubtful that the attractive forces 
Tewordt’s B Mayer repulsive potent model may be validly 
eglecte Thus the use of the Morse potential function model, 
ea JOnn Za vo, Cha which } neither of these defects. is wart ted 
< slat { the elaxation configurations and energies was 
Laver G vth During Inter-Diffusion in the Alumi- pert ed u the successive approx tions technique. For the 
. face-centered metals treated, Pb, Ni, Cu, and t was found that 
nut ‘ Ke Allov Syste L. S. Castleman and the t i se nd nearest neighbors relax the f wing nts 
+, Product P 4 pet pet, N 2.1 pet 78 pet, Cu 2.2 pet 
L. | sé e, Syivania Electric | lucts Inc 79 pet ic 27 pet i pet. The negative values refer 
t tior f the vacar The results for the body-cer 
. t te te m the alu tered etals taking nt mt the nteractions f the third 
te ee ‘ iiff ! nearest neight ‘ Fe 6.1 pet 4.3 pct 2 pet, Ba + 7.4 
, 4 to ¢ Cc f t p t a net 42 pet 1 pet, N 8.9 pet 3.5 pet 7 pet 
that ses the same results were btained with the 
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NiA NLA N NisAl (¢ termet 4 r s of the iit f the Morse potent n describing 
I f t fectir the k et fz wt! the ‘ ‘ et rvstals was de mn the basis f theoreti- 
the « tage t t ck fte 1 slatior f the equatior f state and the elast nstants 
t ‘ ‘ ‘ ‘ TI s ws that the MI potent has greater range 
< t It est te t t the he lif ‘ pI t ty than the other types of potentials con niy used 
t ) ‘ t t the heat of 
‘ pre ire f 
t est te t t the ¢ iiff 
t the I wt - et f the nd « phases aiso 
ppe t ‘ ime diff nt ed ‘ 
I many metal 
ealing of 
f applications 
t jesirable to have 
ffects of strain on diffusior 
iiffusion in strained systems has 
netic bas which predicts that, 
sion ponential 
the t ‘ eter 
fu f 
a9 = 


FALL MEETING REPORT . 


THURSDAY, OCTOBER 30 


THURSDAY, OCTOBER 30 


required 


Flow on Self-Diffusion in Silver: Stress-Induced Ordering Internal Fri 
and Yational Ad- Aluminum Alloys: J. C. Shyne, Ford Motor 
M. J. Sinnett, University of Michigan 


rifaico, 


and 


Aeronaut 


n in Ternary Alloy 


f Illinois, and Shel- 


oO 
i 


tial Stress Relaxatio 


D. Gupta, University 
Weinig, Materials Research Cory 


Materi 
Colun 


its ot 


Formatic 
S. Davis, Harvard 


Vac ancies 4 
University 

oun ovarnick 1 He Ti-HCP 

rtown Ar 7 d 401 r t N 


its by the Condensation 


Li 


SEPTEMBER 1958, JOURNAL OF METALS—587 


— 
; 
7 
- 
ice 
efficient th strain is explicitly related to the interat forces eases. The formation of these pits during cooling is attributed t 2 cated 
that the mnitude of the effect can be < lated ft ir eine tensat f va es at specif tes on the free irface ear 
Rerent eum thins dicated that in metals subjected Rite de not form in tx nity of st r large-angle g 
to elast t the diffusior efficient be doubled and that boundarie in ie 
ge hydrostatic pressures (~1 rn : wer the efficient 2 The width of the pit-free reg t the boundaries increases aes 
f the the vY presente | e st wn t be in substant gree If few pits are produced on the surface by chert ai etching Ri 
ent owe se for wil te ture jat i the specime ed. new pits farn nsiderable 
efficient is found to be functior rea around each pre sslv existing pit 
f the strain. Furthe re, the rate of change of the diffusior 4. If a specimen is deformed plastically and then heated, the ae ae 
efficient th str s ir greement with the results t ve ex jecrease in temperature equired for the formatior f pits is Be c= Sea 
Effect of Plastic Iron roa. 
A. F. Forestie CO., 
visory Committ 
Recent the etici f ew k has bec ble that Mechar il Gamping easurements were s 
pre ‘ w the diffu n coe ent si ild depend nt et flow nd iminu ntaining up to 31.3 at. pct A The stress-induced Paves or 
t fu echanis these excess The xation strengtt f the stress-induced rdering re xatior 
es ¢ nee the Y te. The equations show that the diffu echanis was ver sma below 1 fi \ 1 ncreased peed ||: 
te funct f the st te, the production rate the pid fr 10 to 19 pet at. pet Al. Beyond 19 at. pet me nt ae 4 
the , <ation strength was decreased by ng-range rder. whic was 
ted of ‘ lioactive iwiched the 4 ntent was further nereased t 31.3 t. pet. It was 
betwee tw je er. The spe ided that hig! legree f short-range le existed t the 
of te the diffu After ntents and that the FesAl superlattice was not perfect 
pie j t ed he t ise jis le 
tive t i the iiffus efficient ed t r The t tion energy f the relaxation process was obtained t Rea 
it i pt tect que bser g the relat ship betweer s tory frequen nd the Be cn 
The results show that the diffu efficient is ear functior te friction peak temperature. I1 disordered 12 t. pet po Bae 
f st te f temperatures at whict t irement vere 4 the t tion energy was observed to be 59 K per Ss 
the f the diffus efficient 27.1 t pet A ng the FeA jered 
te i tee that tery structure the energ) “was So ¢ K per r € This 
bat i t me et t mect the nis was the s e nd witl it ng-range rder 
whict é iiffuse De t sinks such is cations intered. This appeared to be gnetoelast stat hysteresis and apt las 
is boundarite At higher temperature the result licate was eliminated of sed t the apr tion to the spex ons Ea, 
that the mect ‘ plex than this simple picture f static axia is of 1000 ps nore — 
Self-Diffusion in Tin Single Crystals: J. D. Meakin Intersti VS- 1 
and Eric Klokholm, Franklin Institute tem BS RE 
nlating and g technique. The diffu ne the 
‘ t fou times greate thar ne rhe esults ti € x € 
th ¢ hut stems has ewhat t ers 1 n ind ed 
he ked e he esults Fens 
‘ ‘ diffusior ne ked ttice were s etric nd hence ! x was poss 
fusion. Th energy of self diffu : d lattice were symmetric, and hence no relaxation was poss an 
ture eet ft the results easonable gree troductior f xVger € € € ppe e 
ont wit difusios ol ¢ peak in the terr friction spectru n this investig 
i the it s studied te y systems of Ti-O-X 
1 B s of s < t ri infus wit xvger evealed 
Short Circuit Diffusion I Murray, als : T 
friction peak attributable t inters stress relax 
Researc! Corp and E > Machlin, Dla Howeve e as subs g ad 
with the nterstit ele ent aused the ppe nee 
University ‘ nters P tior Terr es of Ti-V-O and Ti-Zr-O 
ised the nifeatation of the en peak. Zr has a positive 
~ ‘ size f t i Vv negative size factor with T 
¢ jeter 1iffus es d nate the possibilits ¢ the stress relaxation being 
ke tions r iuced t ending nd n t ind ed precipitate ver rge termina 
ane seu > i solubility was tested. A peak was observed in the spectru 
f nt wit that of pre sir st tors he dis nat ¢ 
was greeme ; i vestig T i this Ti-Al-O nd hence eliminated the possibility tl the a 
< e re | It was suggested that the mechanis f this re xatior bserved 
f elf-diffusion was t to be easured by techniques titutios te atom distortion of 
othe 1 ¥ the ttice wt “ w suff ent nisot Pp» for © 
suggested mechanism was found in the ex nation of the Ti-Cb-O 
e diffu cke Assu size factor with Ti and ed ter 
fr ke ng the s ‘ bour jars Ss apt x for Ct nd O in the T ner of the 
t that t lary self-diffusior t was sti 
t liffu t ters diag An a st negligible peak was observed 
ed the s it It suggested that the echanisn wherebs he subs u na 
pare 2 pet for the i s enhance the appearance of the terstit peak is as 
nicke n the bulk s er The lis thor iiffusi\ ‘ Ke ‘ hetitut sed dis 
{ t t} th f ws: The at size subs itiona causes a calized di Pal oe 
t be easured and is hus less thar the sttice that effect els s the sotropic nature 
grain boundary diffusiv € the tahedr interstitial sites. Hence ne site be« es ener- ORR 
getically favorable to another upon the pplication of n exter? eta 
tre Tr t juced interstit elaxation phe n- 
tern fr 
Aternal friction 
1959 
TB 4-15 
gin to form increases exponentially as the holding temperature de- 1954, p. 203 Pt ae 
41 42 ea 
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9:00 am to 1 
(Sesslor 
~ and resistanc to efor tior fracture ind er T ne 
hie aif iItv. the silver ct mir ev ste mae hes jopted 
Silve , ie has the unique advantage of beir Juctile and trans 
Cause of . ent. Furthermore dislocations n be re i ie rated t or 
. } ter per ture 
I 
potentia s mediu f studying the | ples f fine particl 
strengthening es is. Preliminar: esults s w that ticle 
he elationship between plast Jefor Han and initiatio 2 
i etwee a lor pe |} ar tant bearing nm the let t t f 
f xide stals has been studied by the dis mrt th high-t perat t t 
i P empe ire ‘ 
The SAP-tv pe te probat jue t tat posed he 
‘ e that ild either suy t t lict the theories annid tior ‘ad ¢ 
é ‘ ne slit MeO iseaq because na e< 
the stributior fd tans n be revealed bi 
; ‘ 995 pect MgO were lef ed in bending and in Ef ments On tiie Frac 
a D A Kraa D \ 
ks leading ‘ ture frequent formed at 
pet. How . the u r mn the surt € er wher ryst was The variation of fracture strengt? fs i Cu spe ens r 
ef ed bending was ict eate I t cases | stic estigated as functior f the interfac ene hetween the _ 
t f e tl 20 pet preceded f ture. The stress gradient er nd its quid et er nment. F nside t f the 
end t ppeared to be the portant fact In a thir energy required to propagate ‘ k brittle te pre is 
t t thor ne the parts f the kers } e shown that the fracture stress s? i be t 
farthest ¢ the neut The deformation. there- 
inne dis tions the t highly 
tressed faces tow i the neutr axis. I ge dislocation pile-ups 
nb ‘ that surf Pile-ups that do 2 
e distance the tension surface and are 
the t ‘ ke t ead to failure. 1 tens specimen the where s the interfa s n bound energ) nd s the « r 
nif tre the spe re t heterogene s nucle indar jihed: The gra ind nele was 
t f t is. I ge pile-ups ir ne ny f the sur taker the t ire of the relative interfa energ between the 
. ‘ , jue t ty; ection of slip bands whict riginated mn the spe er nd its « nment. The interf eners ‘ < b. 
pr te face succes P iditions of Bit iquid Pb. The expe ent 1 t of this 
t G , lis tion substructure ppeared to 1 , rule ir work dealt with establishing 1) the existence of effect of inte 
e plas n racture f gnesiur xide energ ture strengt? 2 he ide 
the effect nd (3) the apr ae te tits f the expres give 
I Brunne! ith er nme At 500°C f nstance n ef 
Ing lan arrunner an S ead reduced the fracture strengtl f ppe f l 00 psi t 
_ 5 ne 13.5 pct and an er ent of pet Pb-70 pct B ‘ 
fracture stress witt hanging interfac eners responded at 
T mane nceerned with the deter natior € equations re : . stely to that predicted t the al e expression even thougt 
ting « r tion ¢ the «he taking place bot ng the es ptions are not ecessal fulfilled 
ir i is Dr nes st ne gre tes 
iu F e€ Certain d eT ‘ with pre J ised equ ns 
es ted it. G n bound es were ed to be e se ited T 
furthe ‘ t ind ling Direct bse tions f subgrair ot 
the state of stress at triple points is sti inknowr 
Effect of temperature on the tensile properties of ten face-cer 
tered cubk metals is su narized The la re taker f rm 
esults isiy published ¢ the it! igmenteda Pr 
priate data from the general literature 
The tensile strengths of annealed, p st ne, face-centered 
at et fr t purit re tu ndependent tf past 
The shapes of the tensile strengt s temperature wom ef than 
etais e remarkab ait r when plotted . functior f 
ologous temperature, that is funct f the the 
hye ite elting temperature. T 7 
: The contribution of grain boundary jing to tot elongatior r The tensile strength vs T Tw curves may be superposed t eate 
: , pure : , " jeter ed quantitatively sa fun con n curve by shifts ir g istress) that tend to be nearly 
' { temperat nd s i solution a ing with gnesiur It related to the melting points of the are 
. . ‘ ent that the def tion due to grain boundary Dat supporting these gene zat : e presented <« ering the 
ane netant the total « gatior homologous te perature nge 0.01 t 
i the ‘ f ar ne test. It is demonstrated that the ir The temperature dependence f the tensile strengtt f face-cer 
. s severit e plast jeformat nm the i ediate icinity of tered metals is characterized t tor jecrease with increas 
1i7 j | es the nsequence f the se t n of the ne te perature upor whict Ss superposed strengt? ntributior 
Direct obse tian shows that the miaretion of the interaction of moving dis = 
i | es ‘ r n the a dation of grain tional purities. The enhanced strengt! ppears near the hor ) 
t ind ling g serrated «g n boundaries as well as in the gous te perature T Tx 0.5. consistent with self diffusion data and 
lef tior f the grains the rate of straining employed in tensile tests 
De iti ns trom the ibove gene tions we bserved mu 
t t temperatures below T Tx 0.2. These de 
n the basis of the narrow widths of the 
ts between dissociated dislocations in these 
e and st r te e presented for those 
data were available 
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Initiation « 
> 
H. ¢ Roge 
P nvestigations int various aspects oM@™™p fracture of poly- pa 
wed. The pr nt investi 
e ductile metals ‘ viewed. The prese vesti An analysis has been carried out of the stress distribution exis ae 
, ‘ the pre < ones in that it utilized several ¢ hear tect 
4 rat it ng in the different difications of the dire« Bausc} she: es 
pe es re co piete pi ire ne which } ve een edt study the ieforr single rvs 
. real tals. With gage lengths that are ng, relative to the d eter of the ia 
Ter pe ens f se-g ned MEM copper were eact ¢ mat 
t t t nt st that at sta x uN gitudir stress at the su 
et ed ‘ ire differ t strain beyond th nad bending 
be rger tt the maximu she stress, 7 i e bending 
‘ I were ‘ jiographe ete tie enitude e gage leng 
the extent of inte king before sible f ire 7 fect hich te rded 
There re herefore “ effects w id ied 
The cent port fé¢ t ntaining the neck was removed ‘ * nlane ther than the orn 
strain, bending nd shear on some f rou 
i sect ed at inte el to the spe xis. Each sec- 
ont ne “ i e ¢ sta was é ed | 
‘ g p shed d etched 
With s tg e lengths is greate lan u d e bend Beto | 
t t hich neck egins there wer few voids t points vit " 
— ent is relative l. Both the longitudinal and shear 
ere three ¢ tersect triple nts When the eck was 4 wernt na 
i t i i f i ng nm nd stress e functions of the angle x, betwee the rystal axis and eee 
’ , wre eveloped is were f ed so g bound the pole of the slip 1 e. When a is less than 27° the shear stress We 
to the stress axis. Onl) fter ‘ jistortion be ¢ th ter the rv st at 
n the slip plane has ximur e cente f sti at ef 
e quit gt ere is nucleated within the g ns themselves shun plar for 
= were greate than 27° the she stress is nimu it the enter. Thus 
be a ed t b s a sne s ina 
the s ‘ ppe Cert tions of the fracture were intergranu on te ts 
t t nge of easy glide w ye depende initia é j is, i Be | 
fact bserved the shear def tior iminur nd copper 
7 single « stals. Furthe t ppe Ss } t he esults f e she ete 
t eh ¢ 4 test may De pared wit! he nver! ensi« es vided 
re oa t higher temperature. Both exper atte 
ont tions and echanis: void { tion are listributior 
scusse 
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by George A. Hoffman 


Tiny 
proa¢ 


sion, may be the building-blocks of the astronauts 


vertect, crystal filaments, with strength ap- 
4 
ing the theoretical limit o 


> 
/ 


atomic cone- 


from atomic cohesion is the ultimate goal in the 


of the full strength available 
t 
improvement of structural materials 
At present, most efforts to strengthen structural 
materials follow the metallurgical approach, such as 
alloying, to gain higher strengths in metals. But 


to this day the highest strengths developed by met- 
allurgical means are still only a small fraction of 


obtainable from the 
On the other 


the strengths theoretically 


flawless cohesion of atoms in a metal 


GEORGE A. HOFFMAN is Engineer, Aeronautics Dept., The Rand 
Corp., Santa Monica, Calif 


hand, fine filaments have attracted much attention 
lately because of the substantial improvement in 
strength that can be obtained by this technique 
Indeed, fine crystal filaments—commonly called 


whiskers—have demonstrated the highest strengths 


known in materials, 
the theoretical limit of atomic cohesion 


in some instances approaching 


Properties of whiskers, and the structural charac- 


teristics of hypothetical materials composed of them, 
permit a comparison of the weights of tension struc- 
tures made from whiskers with the weights of struc- 
tures made from conventional materials. Reductions 
to one-fifth of the conventional weight appear to be 
feasible, assuming that whiskers could be mass- 
produced into usable forms. This possibility should 
be of great interest in the design of astronautical 
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Whisker stressed within range 


of atomic cohesive strength 


ensile strength , millions of psi 


Strongest alloy of 
iron( 1958) 


T 


Strength of large 
crystals of iron— 


5 10 
iron whisker width, microns 
| micron =0.0000394 inch) 


Fig. 1—The strength of pure iron whiskers as a function of 
their width. 


erabDie i! iprovement in performance 


Strength of whiskers 
Increasing strength with dec: ing crystal di 
I was observed as 


vast decade 


ling trend 
per rate as 


0.0001 


have whiske! 


iY 


strengths 
atomic 
has been 


many m but | such compounds as Oxk 


halides id carbides is also noticeable 


and platelets o 


theories have been advanced to explain 
strength of whiskers.’ Some explanations 
upon the incidence of edge disloca- 

lt—that can exist within 

the limite i f , iiskers, while others are 
based upon the restraining forces on 
? 


i crystal sur- 
In general, it is postulated that the strongest 


faces 
whiskers con screw dislocations along thei: 
axis and most no edge dislocations—Figs. 2a and 
2b urthermore, the growth mechanism of whisker: 


tip has also been explained by the dislocation 


theory on the assumption of a spiraling growth 


around a single screw dislocation, Fig. 2c 


This fortuitous growth by orderly nucleation on 
the steps surrounding a screw dislocation almost 
eliminates the weakening edge dislocations in 
whiskers. Since the frequency of edge dislocations 


affects the tensile strength, a virtually perfect crys- 
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Relative weight 


Fig. 3—The hypothetical relative weight of optimum whiskers. 


nitimat 
ultimate 


predicts 


Other properties 
Many other notable 
been observed or infer! 


of edge dislocations 


e Metallic whiskers exhibit a plastic 1 
most compounds can sustain only elastk 
to failure 


modulus of elasticity of a whisker may 


ry 


radically from the modulus of large polycry 


amounts of the same material, and can range 
a halving to a doubling of the polycrys 

lus. This effect results from the uniform 

of the crystal axis in whiskers 


e Creep has not been observed in whiskers below 
lying 


the normal recrystallization temperature, imp 
considerable strength retention at elevated tem- 


peratures, even close to the melting point 


Whisker materials 


Loading conditions of future astronautical vehicles 
will probably result in flight structures, designed 
predominantly by tension criteria. Tanks, cabins, 
instrument enclosures, and the like are examples of 
components that will be tension-loaded by pressuri- 
zation. Since such structural components must be as 
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Lo 
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2000 4000 6000 
; vehicles, where mammgt reduction in the predomi- tal lattice is formed. and the full strength of atomic 
nantly tension-de gned structure can permit a con- cohesion is realized. Vai us theoretical calculations 
; eee of this cohesion—or upper strength limit of perfect 
materials—give an ultimate tensile stress anywhere 
from one-tenth to one-fortieth of the modulus of 
. elasticity. Table I, which lists the highest stresses 
tested in certain whiskers, shows that the actual 
century. In the pM this strengt P| MEME sstress is indeed of the order that theory 
{ was observed to progress at a much ste Pe 
crystal zes were reduced beyond, mz 
ia Fig. 1. Only in the past three years yyy 
been finally tested at levels near the properties of whiske! nave 
hesion strength. This strengthening effect ed from the assumed absence 
lemonstrated not only in iron, carbon, and 
: strains up 
films many materials 
The 
line 
from 
tation 
‘ 


the superior tensl 


a way to reduce t 


materials that 
As we have seen, 
he best whiskers is some fraction 
lus of elasticity, this fraction probably 


constant 


an ty 


ai 
Ranki 


‘rease with 


] 
reiatl\ 


> consiael 


Structural materials made from whiskers 


rt) 


ties of hypothetical bonded 


‘alculated in advance by 


the basic ingredle 
3 pet ¢ lastic strai 

derived at 70 F; relative wei 

s can be obtained from 

ms indicated in Fig. 3 

gth have been reduced 
the weight of non-load- 
binder. This whisker binder or matrix is 
the plastic that binds glass fibers in 
plastic-impregnated-fibered glass: the fibers carry 
most of the tension load, while the plastic is very 


lightly stressed in shear 


e Biaxially stressed sheets are assumed to be com- 
posed of two bonded layers of mutually perpendic- 
lar fibers, each layer being active only in transmit- 


: the tensile stresses parallel to the whiskers 


Shown in Table III are the results of these calcu- 
lations, including the properties of beryllium, a 
structural material that has some great potentialities 


for space vehicles,” and those of titanium, a struc- Fig. 2—Crystal lattice faults and growth: a) edge dislocation, 


tural material in present-day use. The properties b) screw dislocation, and c) spiral growth. 
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light as possible, exploitation (ig le ew 
strength of whiskers might be hei: ee 
weight 4 
It is customary to use the density: ultimate-tensile- SS) f 3 
strength rat n comparing the weights of tension 
structures made { Val is materials The riterion LS ae 
for best desig 
| 
minimum vi 
Sue 
ot their moau 
} ] n the 
being relatively [for ali materials nen the >< 
lensity trength ratio of whiskers Is proportional t 
their density: modulus-of-elasticty ratio, which may 
consequently serve as an approximate criterion 
choice among whisker materials ay 4 
ore 
In Table II, structural properties of certain mate- Bay 

rials are listed together with their density: modulus 
atio. The most promising whisker materials for a = 
I mm-temperature use seem to be boron carbide and af 3 

bervllium, which are competitive at ratios of 1.4 Sag gf: a aa 
and 1.5 x 10° in.’, respectively 

Comparison tf whisker materials at elevated 
temperatures is based upon the assumption that phe a 
strength deteriorates slowly at first, but then rapidly mt 
between the recrystallization and the melting tem- a 
peratures. Recrystallization temperature for metals Pic 
and some carbides 1 oughly 
melting temperature in degrees Kelvin 01 ne By 
Therefore, it is sufficient to know only the density es 
modulus, and melting temperature and some simple Bie 
assumption as to the modulus dedi tem- _ —_ 
perature, to derive theoretically the Hive weight 
f equal-strength whiskers of various materials at S225 ee, a 
various temperatures. If a beryllium whisker is 
ies nated t nave i relerence we sht of unity re i- 
tive weights can be plotted for the least-weight 
metals and the least-weight carbides at elevated » 
temperatures, as in Fig. 3. The particular materials 
The structural prope 
making a few assumptions 
| 
| 
| 
Pa: 
Be 
af 
anne 
3 
| 
be 


vhisker-composite materials shown in Table III 
at first, indicate the possibility of unusually 
gh reduction in tension structural weight, but, on 
1 tr ight, when certain deleterious effects are 
iered i n the following section—a more 

ca t reduction factor will be derived 


Comparison with conventional structures 


Sheet f conventional materials require doublers 
vherever the edges are fastened, and this double: 
weight should be accounted for, even though it is 

a small fraction of the total weight. The prob- 

lem of fastening to an adjacent structure will be far 
e severe for whisker composite materials, with 
penalty in most 


this kind was included in an 


ymparison of such structural com- 


fastened 


stressed 


a Of rem Die (as In some pressurized ves- 


els), biaxially stressed and permanently fastened 
heets (as in spherical vessels and some cylindrica 
ta ), and components in miscellaneous applica- 
tions. The results, which are summarized in Table 


th 
t tures in space vehicles might be reduced to one 
{th of their present weight if whisker composites 
vere available 


If whiskers are to be exploited structurally, it 
hould be first established that no insurmountable 
bstacles exist to the production in the needed 


quantities, qualities, and forms. Here must be con- 

lered the growing of whiskers in _ substantial 
juantities, as well as aligning, collecting, and finally 
binding them into usable shapes 


Several techniques to grow whiskers have been 


Chemical reduction of metal halides: Reduction of 


metal chlorides, iodides, or bromides by means o 
the presence of a reduc- 


ing agent (such as zinc) can result in the growth of 


Electrolytic deposition: Silver, iron, and copper 
whisk¢é have been grown by electrolytic deposition 


from a molten salt of these metals 


Vapor deposition: A controlled supersaturation of 
the vapors of metals and their compounds usually 


can be made to precipitate whiskers of these 
material 
High stress: When soft metals are under high 


whiskers tend to grow from the bulk of the 
metal. The whiskers probably grow from their bases 
(not from their tips) in this situation. These were 
the first type historically observed to have high 
trength in metals such as tin, cadmium, lead, zinc, 


and others 
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Table |. Tensile Stress of the Strongest Whiskers 


Stress 


Ultimate Tensile 
Stress, Psi 


Modulus of 
Elasticity, Psi 


Material Medulus 


29,000, 

Silve on 24 
it 

( 

Quart 0,04 


Drawn micron-size filaments: 
strength (though not of the order of 


been exhibited by hot-drawn metal 


by fibers of compounds (such as glass) 


1e1! liquid I hase 


It may be assumed here that any of the growing 


nhniques successit 
tory can be scaled up to pilot-plant production, and 
eventually to ftull-scaie proauction, unaer suricien 


economic incentives 


It is possible to envisage means for making the 


nd thus improving 


srowth of whiskers orderly a1 


their collectability. Alignment, thinness, and length 


and magnetic or electrostatic fields, and 


harvesting migh t be done by vibratory or mechani- 


cal scraping techniques 


Spinning and pressing 


At this stage the whiskers would be in bundles 
or mats, held together by friction and electrostatic 
forces barely sufficient to prevent unraveling 
Spinning of fine strands of whiskers from these 
agglomerates should be similar to the spinning of 


textiles or glass fibers, and these strands could then 


be woven into cables or sheets, whichever is desired 

This woven product, still weak in tension because 
of the lack of a good shear bond between adjacent 
fibers, could be brought into its final, strong form by 
at least two processes that can raise the cohesive 
impregnation with a binder, 


bond between whiskers: 
or pressing and heating 

Plastic-impregnated fibered glass is a good ex- 
ample of the first process of imparting good cohesion 
to filament aggregates. Currently plastics, such as 
phenolics, silicones, and polyesters, are in general 
use as cohesive binder materials, and a few labora- 
tory experiments have been made with fibers in a 
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7 tance Z 15,000 2 
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Extra weight of Cad 10,000,00 
ponents as cables, | ts 4 
Considerable 
f whiskers) has 
drawn from 
pe 
used in laboratories po 
filamentary crystals 


metal matrix. Plastic resins can be used at present 


to 600°F, but there are hopes that future 


Table II. Selected Structural Properties of Materials with 
Density 


only up 
developments—for example, boron polymer resins 


will extend their usefulness to 1000° or 1200 F Modulus 


Other process for binding whiskers together Is 


10 


pressing and heating, a process analogous to powder! — 
and fiber metallurgy. This technique may prove Modulus of —_—— 
successful with whiskers if the compacting pressures Density Millions 1 
damage the stren ‘th of the Lb per of Psi —xilh”) Melting 
Symbol Culn at 70°F In Point, °F 


id I itv, while leavin Table II1. Hypothetical Properties of Whisker Materials and Others 


Density Ultimate Modulus of 
, Lb per Tensile Elasticity 
Material Culn Stress, Psi Psi 


future cost of WNISKéE mate! als is to $400 pel 

nstalled lb. compared with a figure of $40 per in- biaxial tension 7 500,00 2¢ 
stalled Ib for aluminum today. Since 1 lb of whiske! 
composite can replace up to 5 lb of convent nal ‘ ent et ; 
materials, that pound is worth the (saved) cost o! si rs a 


he value otf 


ructurali 


sly reported to be between $100 and $1000 in air- 


d to b 1 | her in missiles and astro- / 
( i e even ie el ! iles and ast! Table IV. Weight Reductions Possible with Whisker Composites 
t vehicles: so that the ility of 1 lb of in Tension Structures 

material appears to be from $400 to $4000 


Structural Weight—Conv entional 


Component or Application Structural Weight—Whisker 


Conclusions 


It may be concluded that the exploitation of Prestressing cables for ceramics 
whiskers possesses attractive economic features, as R — t ees. exhaust os ; 
well as significant possibilities for weight reduction Tubing, ducts, cabin walls 
and vehicle payload increases. Th magnitude of sae ee 4 
possible improvement stems from the virtually per- 
fect arrangement of most of the atoms in the crys- 


tals. This potential is so great that whisker exploi- 
tation should not be neglected, even though it may References 
be 10 or 20 vears into the future, and most of the S S Brenner: Tensile Strength of Whiskers ' 43 
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HOT-BLAST CUPOLA FINDS PLACE 
IN STEELWORKS 


A Staff-Written Summary of Articles Appearing in ‘Stahl und 
Eisen Giesserei’’ and ‘‘Industriekurier Wochenausgabe Tech- 
nik and Forschung’, and a series of on-the-spot interviews by 
Journal of Metals’ Managing Editor in Germany 


onally l ir pment 


nou oun n melt steel 
developme? the continuo 


German y 


standard 
n the 


the cupola. A cold 


Dut as early 


was designed for the 


Dullit, because 


hundred years later, experiments 
the Casting Institute of the ° 
ochschule in Aachen, Germany, with a view 
' hict 


ids cupola which wo 


developments 
concentrated 


make Us¢€ 


Useful in steelmaking 


While originally designed for the 
the continuous hot-blast cupola was 
siezed upon as a means of supplying open hearth 
furnaces with low-cost metal. The melt-down 
period in open hearths is time-consuming and cost- 
lv. The purpose of the parallel operation of the 
hot-blast cupola is, therefore, to reduce this factor, 
thereby increasing the efficiency of steelmaking fur- 
naces. Furthermore, the overall costs of melting 
scrap ina steel mill would appear to be lowe! 
hot-blast cupola than in the open-hearth furnace 
And most important, in many cold-charged open 
Fig. 1—The hot-blast cupola at the Hahnsche Werke AG in hearth shops, the erection of a high-cost modern 
Duisburg-Grossenbaum, Germany. blast furnace is out of the question, and the hot- 
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ee ng furnaces, thanks to the 
‘Uupota during recent years in 
] ) hundred rs the 
: OR well over a hundred year he raise smelting temperatures and improve the qualits 
melting furnace for iron foundries has of castings.’ The result of this was the installatior 
shaft furt led last hab! 1] 
haft furnace called air blast has if what was probably the first commercially op- 
F alwa been used, HNN’ as 1827, in Germany erated hot-blast cupola at the plant of Georg Fischer 
a furnace Ei! use of a hot air blast AG in Schaffhausen, Switzerland in 1941. It had 
Bu Was NeVer Ei! of the time required a coke-fired blast stove. and with the difficult coke 
: to Oring air Nneaters up to temperature for the short supphes faced by the Swiss during World War I 
this furnace’s low coke requirements were a great 
Almo help in maintaining production of malleable cast 
. undert: iron. Advantages gained from the unit included 
nische I lower coke requirements and hence smaller quanti- 
oward d raul ties of sulfur introduced into the metal, faster burn- 
: ing of the coke and therefore higher slag and iron 
° 
temperatures, and possibility of substituting scray 
AE POS : > l 
Po of the hot-blast Ipola 
COUM ©! ne turnace gas tor hea anstie 
: and for burning. Two main problems had to be over- 
come the low heating value of the furnace ga ana 
ro. its high dust content. Increased furnace height and 
pe +} . 
higher operating temperatures increased the CO 
I 
content of the gas and solved the first probien Wet 
sae B dust removal techniques would lower the tempera- 
Wi 4, f ture of the furnace gas, and therefore ai nsulated 
‘ cvclone was en ploved to solve the just problen 
, yf Several types of recuperators were developed, but 
P90. the German scnhack-type tube recuperator, whicl 
, we * permits easy dust removal, has probably been one 
of the more successful 
ye 


basically opers 
hot metal wi 
» 1600 °C. Thi 
blast preheated 600 C. The 


because of the high temperatu! 


o 55 pet cups 


In a non-integrated German steel plant 


The Hahnsche Werke AG in Duisburg-Grossen- 


Germa? has three il-fired open-hearths 
have ran f llities for n r hot metal 


capacity 


ana 


works 


= c 


Fig. 2—Cross-section of hot-blast cupole at Salzgitter, Ger- 
many, showing the most recently installed cooling system: a) 
slag syphon, b) corbon block, c) rammed carbon, d) magnesite, 
e) magnesite brick, f) magnesite, g) residual iron syphon, h) 
iron syphon, i) fire clay, j) woter supply, k) steam discharge. 
- i From ‘‘Metallurgy of Liningless Cupolo Furnaces” by E. L. W. 
Maximum blowin 


n the cnal 


yns per hr cay 


s 24.000 normal 


upolia 


1d other scrap of known quality, sinc 
bundles frequently contain sufficient 
allic material to cause a wide variation in slag 
composition. The charge also includes some 20 pct 
coke, 5 pct limestone, and 2 pct fluorspar 
The iron produced by this cupola has 
mately the following analysis: 3.9 pet C, 0 
0.35 pet Mn, 0.07 pct P, and 0.05 pet S. A partial slag 
is as follows: 50 to 55 pet CaO, 20 to 25 pet 
SiO., to 12 pct ALO,, and 1 to 2 pct FeO 


analvsis > 


A second non-integrated plant 

A subsidiary of Felten & Guilleaume Carlswerk 
Eisen u Stahl in Germany was producing steel from 
cold charge in two 35-ton open hearth furnaces 
But steel capacity was insufficient to meet the re 
quirements of the firm’s wire rod mills, and it was 
decided to increase steel capacity from 80,000 metric 
tons to 110,000 tons. On the basis of the Hahnsche 
experience described above, a hot-blast cupola was Fig. 3—Three hot-blast cupolas are in operation at the inte- 
installed by Gesellschaft fiir Hiittenwerksanlagen grated steel works of Huttenwerk Salzgitter AG in Germany. 
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blast cupola provides the only practical means of " a 
ited hot-blast } — 
— — 
vy hich tem- 
res t of tt «| 
— 
pola with the 
well as the basi lag practice The hot metal is, in (om) as eh 
addition, low in manganese and silicon, which per- } Bee 
mits rapid oxidation of carbon in the open hearth a 
\ 
114 
bath. The result is that the open-hearth charge can j \ 4 et 
be made up of up metal 
hid 
pot 
haw? 
au 
T 
Two of these furnaces are of 90 metric ton h 
re 
and one of 80 tons 
Until recently they were charged wit}! scrap E 
cold pig iron. But the output of the steel] 
was insufficient for the rolling mills, and it was de- b = 
cided to add to the plants steelmaking capacity } e oe: 
I 
[Two avenues appeared to be open: the addition of i d ie 
an open-hearth furnace or an increase in the output i ~~ a 
of existing furnaces by utilizing a charge of hot —————————— A | 
metal ihe second alternat 
ower in cost, and the Gesel ed 
aniagen of Uusseidort was | 
blast cupola capable Sut 
furnaces wit! 1} t 40 pet 
A hot-blast cupola of 
city was thus constructed 
pacity of the furnace engine | cu n ie 
f wind per hr under a maximum pressure of 1700 ay 
Water gage ne un inciuades (tw ude-lV pe 
] f } tir nt 600 C 
The heavy steel plates of the furnace exter! r are 
but the entire exterior Is cooled with water sprays 
Before the furnace was put into operation, the 2 m 
the tuve! re lin with rammed mae? 
above ne uveres were lined rammea lagne- = — 
site upon which a slag coating has been built uy 
in rith rbon 
Areas subject to slag attack are lined with carbon a 
blocks or rammed carbon, while points in contac iz | 
n enesite brick. rammed m; nesite. or tar-dolomite 4 


neet this requirement without the necessity of 
! the ypen hearth.’ 

The installed cupola has a capacity of 8.5 to 9.5 
tons per hr from a charge made up of 17 to 
t coke, 5 to 8 pct lime, and 1 to 2.5 pct fluorspai 
Open hearth output was shown to be a maximum 
with charge made up of 50 to 60 pct cupola iron 
rhe ] the ime weight of charge, this resulted 
ncrea 1! ice Capac ty by as much as 35 pet 
but it w possit le to use large charges in the 
pen heartt that the overall furnace capacity 

could be increased by as much as 50 pct 


For other steelmaking furnaces 


Not only has the hot-blast cupola been found 


iseful for melting scrap to provide the open hearth 
with hot metal, but it has now been installed to 
l hot metal an LD converter at the plant ot 
Gussstahlwerk Witten AG in Germany. This is the 
ibject of an article appearing on page 599 of this 
ie of JOURNAL OF METALS. A second plant making 
ist I the not-Diast ola-LD converter combina- 
t to be erected in the U.S. by Acme Steel ( 
For an integrated steel plant 
Thus far we have spoken only of non-integrated 


furnace perati yn local low-grade ores, supply- 
ng hot metal to three 50-ton basic converters. The 
nt al tnres »U-tor pen-hearth furnace 
which e cl ed with scrap and 20 pct duplex hot 
metal from the converters. The open hearths had a 
é city f some 2.000 metric tons per mont! 
while ng mill requirements f open-he arth 
teel i r to the piate m ll were as much as 
50.000 tor 

TI ncreased output could be met by the erec- 
tor f a hot-blast cups la plant and changing over 
the open-hearth charging program to 20 pect cray 
and ore, 40 pct blown metal, and 40 pct cupola iron 
It wa letermined that ich ar nstallatior vould 
é e than $6 million cheaper than the installa- 
tion of further blast furnaces and open hearths 

The re ilting hot-blast cupola installation com- 
prised three furnaces and was capable of supplying 
between 600 to 1200 metric tons of hot metal per 


lay. It was designed by Strico GmbH of Gummers- 


bach Germanys I collaboration with Salz 
Industrie Bau GmbH and the Hiittenwerk Salzg 

AG. Two hot-blast cupolas are in constant opera- 
tion, each with a hot-blast recuperator, while the 
th 1 furnace is held in reserve. These furnace 
yperate on a 14-day campaign. The hot blast is 
upplied by two turbo compressors rated at 30,000 


normal cu m per hr under a pressure of 4000 mm 


The main difference in design between these 
cupolas and previous furnaces was the installation 
f boiler tubes around the upper portion of the fur- 
nace in order to recover lost heat in the form of 
stear Initially this boiler proved unsuccessful, but 
a second design has proven to be satisfactory; this 
is in the form of a closed-top cone which reaches 
to the gas off-take pipes. The operating pressure of 


this new cooling system is 42 kg per sq cm. Satu- 
rated steam at about 250°C, taken from the system, 
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super-heated to 420°C by the flue gases of the 


With a slag volume of 5 to 6 pct of the metallic 
charge, the slag had the following composition: 52 
26 pct SiO., 12 pet Al.O,, and less than 1 
The cupola iron was as follows: 2.8 to 3.2 
pet C, less than 0.1 pet Si, 0.3 to 0.5 pet Mn, 0.08 to 
0.1 pet P, and 0.06 to 0.09 pet S. With a cupola iron of 
this analysis at a temperature of 1400° to 1430°C a 


charge of 55 pct produced a maximum open-hearth 
efficiency by shortening melting and oxidation. With 
40 pct blown metal, 
about 27 tons 


a charge of 40 pet cupola iron, 
scrap ore, output was 
have been undertaken on different 
with a view toward 
using a less basic slag in the furnace. A slag of 48 
pet CaO, 11 pet MgO, 42 pct SiO., 11 pet Al.O,, and 


Experiments 


compositions, primarily 


pect FeO has been most successful. Future opera- 
tions will be carried out with this highly fluid slag 
because of its less harmful action on refractories, 
better desulfurization, and better adaptability for 
ce ent } 1uctior 

Operations of the hot-blast cupola plant at Salz- 


gitter have shown that through savings on charg- 

ng materials and increased open-hearth output 

amounting to about 39 pct—that the utilization of 
l feasib] 


teel plant. Capital costs were 


+} 


re was a time f 


Saving oO! ne 


with the erection of an addi- 


Conclusions 


The ola 


originally the exclusive tool of the 


! und has, thanks to the development of hot 
t t tec sues, become a vital factor in providing 
cold-! ting open hearth steel shops with 
metal. Moreover, it has more recently found a place 
in supplying LD converters with metal, and finally 
it even been installed in a fully integrated steel 
works so as to increase steel capacity without the 
addition of a costly blast furnace 

We have mentioned only the German story, but 
there e now at least 24 hot-blast cupola plants 
throughout the world, including such countries as 
India and Egypt, where they represent a consider- 
ible capital iving 

One additional factor should be mentioned. In 
ddition to melting scrap, the hot-blast cupola can 


smelt other materials. At the Hahnsche plant, the 
has been shown to be capable « 
10 pct iron ore, although 
in increased coke requirements and 
yxide content of the slag and thus 
urization. Tests with Krupp-Renn 
been quite successful and have shown 
charged. Further 
article on the 


Witten, 


i 
- 


greater 


pe llets have 


quantities can be 
following 


plant at 


tna greate! 
details are given in the 
hot-blast cupola LD converter 


Germany 
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HOT-BLAST CUPOLA --LD CONVERTER 
STEELMAKING 


Summarized from an article in the 6th March 1958 issue of 
STAHL UND EISEN 
by Adolph Richter, George Cohnen, and Paul Jacobi 


Together with on-the-spot-staff-written notes 


In 


order to increase output of allo steels at the Gussstaniwerk Witten 


n Germany a basic hot-blast cupola was installed whereby scrap is melted 
into liquid iron which is charged either into an open hearth or into an LD 
converter, used largely for duplexing with electric-arc furnaces. The 23- 
metric-ton-per-hr cupola has proven successful in combination with these 
units in producing high-quality steels 


USSSTAHLWERK Witten is a non-integrated which makes lit poss! perate 24 hr per day at 
plant for the production of high-grade and al- an equal hourly rate 


tons or nd passe nto a sip! where it 1s separated 
Plans for linking the open-hearth and the electric- Cupola iron has approximately tne following 

furnace steel plants, situated some listance art analvsis: 3.4 to 4.2 pet C, 0.4 to 0.9 pct Mn, 0.08 to 
7 1 to 0.07 pet S 


converte! 


After careful studies in cooperation with the equires over 4 pct C and ly low sulfur 
Geselleschaft fur Huttenwe1 ksanlagen mbH ir The carbon content depends chiefly on the percent- 
Diisseldorf, Germany, and by profiting from the ge of coke in the mix and the temperature of the 
experience gained from the basic hot-blast cupolas ron. Owing to the endothermic carburizing process 
at two other German works, Witten decided in t increases as the temperature rises, and tapping 
favor of a melting unit of a sim tv pe tem pe tures e maintained in the range of 1510 

The LD vessel, which was also to be installed to 1520°C. Consistent with the demand for a carbon 
was to perform two tasks: first, to increase the content, the sulfur can be kept on the average of 
electric-furnace steel capacity by duplexing in the 0.000 pet, so that desultu ator n the ladle is un- 
electric-are furnace thus im} ving the quality of necessary. The phosphorus content is entirely de- 
the special steel produced and reducing the specifi pendent n the phosphorus content of the charge 
consumption of electric current and electrodes. The ce aepnospnt ation worth mentioning does not 
second task consisted of producing quality steels take place in the cupola 
by direct pouring. thereby eliminating the cost of Smelting capacity of the cupola is essentially a 
processing in electric-arc furnaces function of the charge and the volume of blast. It 
In order to achieve the most effective economical was found that the influence of the blast is consid- 
working, a hot-blast cupola of a maximum of 2: erably greater, so that an increase in the efficiency 
metric tons per hr or 10,000 tons per month capacit can be obtained more effectively and quickly by 
was installed. Its water-cooled shaft has no refrac- adapting the blast. Insignificant variations of the 
tory lining. The tuveres have water-cooled single- blast temperature are not conducive to this end 
piece copper nozzles, as in blast furnace practice Carbon dioxide formed in the smelting zone of the 

hot-blast cupola is largely reduced to carbon mon- 

ADOLPH RICHTER, GEORGE COHNEN, ond PAUL JACOBI ore xide. The smelting zone is reduced to a minimum, 


with Gussstahiwerk Witten A.G., Witten (Ruhr), Germany. This paper nel . ult. the temperature of the gases drop 
was originally presented at the Eisenhittentag of the Verein g 
onsiaeradDi\ mm la 
Deutscher Eisenhiittenleute in October 1957 
With the height of the furnace fixed at 10.5 m, an 


v above the smelting zone 
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lov steels. Steelmaking furnaces incluae pen- i I Hil Udsi cu 
} lin tor } nar 1 Ao) site tc therehv 
hearth furnaces of 60 metric tons Capacity each ana i iime e, flu spa and dolomite and i hereby a 
one of 80 tons capacity, together with four electric- cleaned and agesuliturizea The lag leave he ful a, 
nging from 7.5 to 15 contir ly through the same tap-hole as the 
= 
ing a and increasing steel outpu iT nis Ath Ciadp, CUPOla Chichi ge 
connection. the idea of interpolating between the twe bou oi yx COKE » pe limestone, and 1 pc ee 
melting plants a premelting furnace for the p1 40T Spa a 
+} thy h onen-} was tice requires iron wit} 
duction of liquid metal and a pliant using tne LD Al ve prac ice Tequilie iron with 
' bout 3.5 pet C and 0.04 pct S, the LD converter Bea. 
y 
aver? 


Fig. 1—left—Cross-section of hot-blast cupola at Witten, Ger 
mony: 1) chimney, 2) charging bucket, 3) dust collector, 4 
whirler, 5) furnace, 6) bustle ring, 7) siphon, 8) coke, 9) fluorspar 
10) mixing platform, 11) scrap weighing, 12) flux weighing, 13 
slag discharge, 14) elevator shaft, and 15) bucket car 

Fig. 2—above—tapping side of the cupola 


extensive heat exchange takes place between the 


gases and the burden. The resulting toy 


is temperatures are low 120° to 200°C 


The gas cleaning plant at Witten is different from 


that of previously constructed hot-blast 


e 
plants, in that for the first time wet dust-removal 


techniques are used instead of only dry precipitators 
[wo whirler-type dust catche have been installed 
to take care of the preliminary removal of dust. The 
gas then passes into either of two Theissen washers 
f 20,000 normal cu m per hr capacity for reducing 
the dust content of gases to 0.05 g per normal cu m 

Included in the cupola plant is an engine room 
with three rotary compressors of 15,000 normal cu 


n per hr capacity at a pressure of 1700 mm of water 


Adjoining these are two Schack tubular recuperators 
of 15,000 normal cu m per hr capacity each, used for 

to 600°C from the 
washers through dehydrating towers, some 
to preheat the 
remainder is 


preheating the blast Passing 
Theisse n 
40 pct of the furnace gas is used 
blast in these recuperators, and the 
fed into the boiler house 

The cupola: A cross-section of the hot-blast cupo- 
la, as well as the storage bins with their discharge 


and transport installations, is shown in Fig. 1. Weigh- 


ing 1s automatic throughout, and owing to the auto- 
mation of the charging gear and the cupola furnace 
control, only seven men per shift are required to 


plant 

The tapping side of the cupola with the runners 
and the hot-blast with the underlying 
blast nozzles is shown in Fig. 2. To the left and 
right are the two slag skimmers, which are operated 


operate the 


bustle pipe 


alternately 

Capacity and output: The 
designed for operation at three different rates: 12, 
18, and 23 metric tons per hr. As may be seen from 
the illustrations, two units each are available for 


cupola plant has been 


blast pre-heating and gas washing, so that only one 
of them need be operated when running the furnace 
at low output. On the other hand, peak furnace out- 
put calls for the operation of both recuperators, two 
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both fas W ashers 


compressors, and 


plant has now been in operation for almost two 
years, during which time it has produced a monthly 
avg of 9000 metric tons of iron at an avg rate of 
15 tph 

Costs: The cost for constructing the hot-blast 
cupola at Witten, Germany, has been a little ove 
$1 million, as compared with the estimated cost of 
about $5 million for a blast furnace of similar output 
The construction time is shorter for the cupola, and 
furthermore, it does not require as large an area as 
does a blast furnace, a factor which is of some im- 


rowded plants such as Witten 


the cost of melting scray 


portance in c 
As to operating costs, 
n a cupola is obviously considerably below that of 


but such costs are 


On the other hand 


smelting ore in a blast furnace, 
dependent on the price of 
it is possible to use low-quality scrap, such as blas 


rusty country 


scrap 


bundles and scray 


qualities can not be used either in the open hearth 


furnace 


or in the electric furnace. In times of high scrap 
prices, recourse can be made to prereduced iron, for 
example Krupp Renn pellets 


Smelting ore and pellets 


A series of 10 hr tests were run in the hot-blast 
cupola with increasing percentages of Krupp-Renn 
pellets. The normally is 
380 to 400 mm water column 

compactness of the 
When using 25 pct pellets, 
nor- 


furnace pressure, which 
was expected to ris¢ 
because of the greater charge, 
but it remained the same 
the addition of coke was increased 2 pct above 
mal, but the melting of a part of the pellets in the 
hearth sump caused a drop in the temperature of 
the runner iron to 1460° to 1480°C from 1510° to 
1520°C. With 50 pct Krupp-Renn pellets in the 
charge, output decreased. Table I shows the cupola 
and coke consumption at a blast of 9000 to 12,000 
normal cu m per hr 

Tests in the cupola were also made with Brazilian 
ore, Kantorp sinter, and Kiruna C 1 ore. The Bra- 


— 
TT 


portion of ore or sinter was raised from 10 to lo and 


finally to 20 pet. To provide the carbon required to! ‘ 6 
reduction, heating, and carburizing, the quantity ol - 


Fy 3. the original smelting capacity of 160.0 ns 


rably after the 


compos! 


Capat 


low-out 


increase 
tion of ore was not feasible. Enriching the 


o improveme 


st pola an LD converter, Kaldo, or rotary) 


cofar as it is comparatively easy to re yun = a Fig. 3—Dependence of cupola efficiency on volume and pressure 
hy about 85 pct. whereas the odiuset om ot the Te of blast with ore in charge. Solid line: 20 pct iron 62 pct scrop 
15 pct Kiruna ore of 65 pct Fe 28 pct coke per mix, and 2 pct 

regulation coke. Broken line: 20 pct iron 70 pct scrap, 10 pct 
matte Tunder predicts the construction of a steel Kiruna ore, 26 pct coke per mix, and 15 pct regulation coke 
works incorporating a sponge iron plant, a basic hot 


Open-hearth efficiency improved 
The output for the first vear of production of the 2 
hot-blast cupola was entirely transferred to the 
open-hearth steel plant, because the LD converte! < 
had not been completed. The open hearths were a 
thus. able to operate on approximately 40 pct hot Lo 
meta resulting in highe output and decreased heat oe : 
consumptior 
For open-hearth operation during the first sever £3 9 
m¢ of 1956. when liquid charging was not yet Se 
practiced, heat consumption per met 5 | 
steel was 1.63 X 10° kcal, while for the second half re 
of 1956. when furnaces were charged with an aver- = 
age of 41 pct cupola hot metal, the figure was 1 28 ~ ’ T 
10° keal, a reduction of 21.5 pet. Output in tons C 
per hour for the same period increased by 20.8 pct 8 
The increase in efficiency is reflected by a decrease 0 0 7 ame 
in melting time and a 30 to 35 pct increase In ta} se ” net 
weight, together with a corresponding improvement Fig 4—Output of open hearth in relation to percentage of liquid 
in hearth-area loading iron in charge 
Fig. 4 shows the output of the open-hearth fur- 
naces when charging with varying proportions of 
cupola hot metal. An optimum range 1s clearly 
recognizable, lving at 50 pct for the large furnaces, Table |. Hot-Blast Cupola Operation When Charging 
and 45 pct for the smaller ones Krupp-Renn Pellets 
In the sequence of open-hearth charging, the 
time when the hot metal addition is made is of con- Spagna pt a om 
Pellets Metric Tons Consumption 
siderable importance. To obtain the optimum effect Charged, Pet Per Hr Pet Pet of Charge 
it proved advantageous at Witten to add the first 
ladle after charging half of the scrap and to follow 0 15 10 18 
up with the second ladle immediately after com- = a = ey 
pleting the scrap charge. If added later, the liquid : 


SEPTEMBER 1958, 


JOURNAL OF METALS—601 


| 
riliat e was in lumps of 50 to 120 mm dian The 8 as 
T 
= 
tentatir nc! d to 32 pct 14 + + 
COKE Was entatively iIncreasea ve } 2 \ 
ore test, the total cok _-* 
In the case of the 10 pct ore tes he total COKE 9-% 
per hr dropped conside addition of 1 
pet ore. But by increasing the volume and pressult 
of the blast it was possible to obtain a smelting a Jee 
capacity of 14.5 tons per hr, gagmgggjtion and tem =. 
perature OF the WOM =s -= 
Increasing the quantity of ore to lo pe > 
nei t . a 
further loss in itv. Due to the higher blas - 
pressure, the first on the siphon occurred 
making it necessary to decrease tne Dia volul 
When raising the proportion of the ore in the Durden < < ae i, 
to 18 to 20 pct. difficulties increased. This percent- : ‘eae 
= 
the propor- € 
- 
25 pet O, was likewise . 
Cj fried Tunde: f the Gesellschaft fur Hutten- 
werksanlagen mbH in Disseldorf reports that t iz 
\ Ksaniagen ME OF BLAS 
which have been conducted with a Dasically Ope _- aks 
ated hnot-Dias cupola in Sweaen Nave snow! na + 
large quantities of sponge iron, irrespective of what 22 ae 
percentage of gangue, can be successfully smelted > 8 hares 
It is unnecessary to obtain a 100 pet reduction of the 
ore. sponge iron containing 15 pct iron oxides being ak oo 
furnace, for the production of steel at a 
| 


= 


Fig. 5—LD vessel: 1), 2), and 3) bolts and cotters, 4) joint, 5) magnesite, 6 

dolomitic magnesite, 7) fire clay, 8) tilting gear, 9) upper part, 10) tightening Fig. 6—The two parts of the LD vessel at 
locks, 11) tightening cotter, 12) bose cotter, 13) movable lift truck, 14) bottom Witten are fastened by means of bolts 
part, and 15) water cooling and cotters 


werk Witten did not possess « 


in discussions wit! 


solution was found 

i works 

The LD converter lant of 1500 normal cu 
task lotted 1 O.. For the 


shifts, since the oxygen supp] 


As mentioned earlier, the secon ask all resent, the 
» supply liquid iron for 


rn was intended 


i 
l 
more than 15 heats per day 
The LD vessel: In planning 
plant at Witten, the design 
ril 1957. b given particular attention 


features: first 1t consists 


the lower one has a 
hemisphere. The two-part 
.D is make relining as short an opera 
he tasks set for it the one-vessel plant. A complete! 
is kept in readiness at all time 
ling to less than 40 hr. Fu 


partite design of the vessel speeds 


Oxygen supply: Fu 


pendent on the avalii 


the two parts, when separated 
than a one-part vessel. A sectional 
sel—built by Bamag in Ger 
schematic representation of the 
in Fig. 5 
The mantle ring, which connects the two par 
the vessel, is bipartite and is kept togethe: 
sion locks. The supporting trunions are welde 
the sides of the vessels and fitted with water-c: 
bushings. For fastening the lower and uppe1 
six bolts with base and tight« ! 
ributed around the ci 
supported by two welded pillar 
is located underneath the platforn 
placed below the vessel, ha 
metric tons and a height of 
capable of lifting and transporting 
lined lower part of the vessel 
The completely lined lower part of 
Fig. 7—is put on a lift truck and moved und 
upper part of the vessel, where it is hydraulica 
raised and fastened by means of bolts and cotters 
Fig. 6 
Attention is drawn to the fact that with a 700-mm 
Fig. 7—Completely lined lower part of LD vessel thick lining and a melt of 20 metric tons, the parting 


normai cu Mm 


the level of 
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i ron does not become fully effective In addition, Gussstah] Ex yen pro- 
lifficulties will be experienced in pouring the yuid iucing facilit Bee) Linde Cor; 
found insofar as Linde 
a Classics pr luction 
: er hr capacity of 99 pct 
‘ plant is run on tw 
ificient for not 
LD « erte which in tu 
possible duplexing in the electr the one-converter LD 
well lirect pouring from the I the vessel itself was 
The LD plant started operation It has two unique 
it w not n tw parts, and second 
n the torm of a 
is intended t 
nas pe bie for 
bricked bottom 
in ler to cut 
d ermore, the bi- 
reckor nce 
Oxvee! 
ton ol 
hae ne 
male 
a 
| 


Fig. 8—LD vessel with waste gas 
cooling and cleaning plant: 1 
transport truck with pouring ladle, 
2) chute for fluxes, 3) flux weigh- 
ing machine, 4) flux bin, 5) crane 
for flux bucket, 6) nozzle open 
ing, 7) nozzle, 8) nozzle holder 
9) draft flue, 10) entrance hatch 
in hood, 11) oil burner, 12) boiler 
reversing flaps, 13) double flaps 
14) secondary blast nozzles, 15 
filter flue, 16) empty shaft, 17 
reversing flaps, 18) washer, 19 
electrical filter, 20) control flaps 
21) exhaust fon, 22) hood, 23 
boiler drum, 24) oxygen valve con 
trol, 25) boiler control, 26) LD 
vessel control, and 27) circulating 
pumps 


mm ric upper part and the — Blowing cupola iron 


The iron furnished by the Cupoia furnace is 

} ec jown ero and manganese its 1s as 
The lining of the vessel consists of a 120 to 150 mm : 4 pct 
th | ns tir fire-« vy laver in the bottom part pet Mn, 0.08 to 0.17 pet Fr, U.Ur pet S Maximum, and 
0.009 to 0.013 pet N 
mor hick ining of n 


rie n the bottom part and 450 mm in the upper! 
he he interstices between the work- 
, centages of ¢ bon and mar inese, as we S Saltis- 


unavoidable on 


been lasting some 


nd the consumption of dolomite is mal 

10 kg per metric ton. The heats vary betweer U ttempt is 1 to control the sull at percentages 
and 35 metric tons, depending on whether the LD below 0.05 ce all grades of stee e unliormis 
teel is used for half or full duplexing in the electric- blown down to a soft final analysis, it does not pre- 


sent any difficult he sulfur content be- 


( ace or for direct pouring 


low 0.025 pct. The same is true of phosphorus 


The oxygen lance: Oxygen is supplied by a water- 
f 
Of pouring 


The temperature of the iron at the time 


cooled 10 m nozzle, which is provided with a copper , 
n h piece. The nozzles used so far have been of into the LD vessel ranges from 1300° to 1400°C, the 
hree different diameters: 28, 30, and 32 mm highest frequency-value being 1350°C. Cupola tap- 
By means of a winch geared from the control ping temperatures are around 1500°C. Apart from the 
station and adjustable to different speeds, the nozzle blowing of premetal for duplexing in the electric-arc 
can be raised or lowered. At all times two noz- furnaces, Witten has, in conformity with its current 
zles are connected to the oxygen and water supplies manufacturing program, taken up the production of 
so that In an emergency one is immediate ly avail- direct-{ oured case -hardening steels, manganese-sili- 
able. For safety reasons the movement of the nozzle con steels, and chromium-manganese steels with al- 
is blocked when the nozzle holder is not open, when loy contents up to 3 pet 
the vessel is inclined at more than 5°, or when the Grades required to contain higher percentages of 
cooling water flow is out of order. The spherical carbon are made by the after-pour process. With 
shape of the vessel makes it absolutely necessary this process the LD heat, blown down to 0.1 pct C, is 
that the oxygen be blown onto the bath concentri- enriched in carbon by the addition of an adequate 
cally from a fixed nozzle. The volume of oxygen quantity of hquid cupola iron, slight corrections of 
and the blowing pressure are also of importance. the carbon content being made by adding carburizing 
Blowing requires 20 to 30 min, depending on the coal in the ladle. The loss in temperature resulting 
weight of the charge from the addition of the relatively cold cupola iron 
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q 
nesite brick Il he upper part The working lining & 
Oxygen afiords a wide latitude in respect of the iron 
account of the brick sizes used, are filled up with a 
mixture of tar and dolomite. When this backing o1 T eels requiring greater additions of alloy: ou cs 
the permanent lining appears, the campaign of the 
is } I 1 ft | h nhve h t ‘or this 
vessel co! lered completed. Since using dolo- ee high physical heat. For thi oe 
mite. the lini } ps 250 heat reason desulfurization by means of soda, resulting in ae 
nad 


Table I!. Comparison of Slags from LD Converter and 
Open-Hearth Furnace 


Composition in Pet 


Mano sio McO CaO-810 


LD waste gas cooling and cleaning 


To take care the ¢t 


MBUSTION 659 


Fig. 9—Heat flow for a 28.8 metric ton charge in the LD con 
verter at Witten. Waste heat boiler produces 12.45 metric tons 
of steam per heat 
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instruments and regulators, has been 


a 28.8 metric tons charge and 88.6 


1 Fig. 9. The 


represent the quantities cf heat in 


hatched sect 


loped by the burning of carbon mon 
; oxidation of the alloying elements, 
formation of slag, t ‘the ct. The 
side shows the heat gener: in the waste-heat 
boiler through t nbustion the monoxide, in 
addition to the heat st ie boiler feed 


together Deducting indicated 
net nount of heat 


million keal. Based on 


resuitl 
kcal per Kg this co 
heat—blowing tin 
tric tons per hr. The efficiency 


heat balance is 86 pct 


Estimate of LD cost 


So far it is impossible to say 


pourl! 


ropped fron 


production cost of 
pen-hearth quality i 


that of heats from the th f 


open-hear 
be anticipated that, apart from duplex 
luction will | found 

steels 

f alloy heats 


ready been prod iced 


considered necessar\ 
f Gussstal 
basic hot-blast 


a melitin 


available f 
la furnace, by way of 
make duplexing in the electric-ar¢ 
rect pouring from the LD vessel possi 
The hot-blast cupola furnace has been run o 


charges differing in composition. The reduction of 

t Enriching the 
blast with pure oxygen was not a success. A test 
made with Krupp-Renn pellets pointed to the possi- 
bility of using such pellets in quantities of up to 40 


ores is possible to a limited degree. 


pct with a proportional decrease in cost resulting 

The charging of liquid cupola iron in the open 
hearth steel plant has brought about the expected 
drop in specific heat consumption and an increase in 
furnace efficiency 

The use of LD blown steel for duplexing has re- 
sulted in a remarkable decrease in the consumption 
of both electrodes and current in the electric arc 
furnaces 

The direct pouring from the LD vessel of steels 
in open-hearth quality is not yet what is desired 
from the viewpoint of cost. It may be expected that 
the center of gravity of future production will be 
found in the direct pouring of steels in electric 
quality 


See article on page 596 of this issue of JourRNAL oF Met 


makes it necessary to run these LD heats fairly hot UV ee 
in order to prevent them fron ng too much heat provided for. 

Slag and oxygen determinations carried out on The heat flow of 
alloy and plain carbon steels have hown the per- pet vield is showr ee Ee ons 
to exceed those of open-hearth steel The oxygen 
content of the finished blown steel ranges from 0.04 
to 0.06 pct. A comparison of the refining slag from 
the open hearth furnace with that from the LD ves- 

sel is found in Table No. I] 

watel 
losses, 
boiler is ¢ - 
ha 
Pe ing heat of ¢ to 12.45 
or 
metric tons e 20 min 
or 29.9 mi resulting 
from the 
LD erte 6.82 7 49 69 62 
pe He tt 4.1 47 2.90 
LD process is The actual figure, which will be 
1e\ ped ivallable after present tests Nave been concluded 
refinir with commercially pure ox, ! just |- 1} = — 
will answer the question of which is more advan- 
ect \ ten Wa viaeda it tne pial To! the 
- tageous, duplexing or direct ig. As was to be 
; > expected, with duplexing Ut t consumption 
an elect precipitat capable lex the as 917 
t just ntent of 120 n per cu n 
~ kw-hr per metric ton, whereas the consumption ol 

electrodes decreased from 6.5 to 3.5 Kg per metrk 

I anine Vid l ik, < The on 
boule na nree vertical flues. in the ascending first directly poured LD steel 
flue, above the vessel, the radlation-heating system of « not vet ite na level 

by La-Mont ha peer installed The descending : 
econd ue contain the grida-tvpe uperheate! ana It mai ng 
lida’ 
ne prene Ing coll The ascending fue Is in 
i} They hlowir +} ral travel 
eversible When | wing he flue gas¢ avel the dire il- 
thy tr Tok nea ] ty 1 re ‘ 
ni igi e eaa\y cascade ana eie¢ Cal Nite! Ol 
A idi- 
the filte haft. enteri: the himnev flue t 45°C i 
ity have al 
During the between-blowing intervals, when oil- 
firing is applied, the flue gas fan, after readjustment S or 
f the entry and exit flaps, sucks the waste gases ummaory 
through the narrow shaft. For this purpose the When it was y to increase the 
three oil burners in the first shaft are lighted, and ingot steel pro erk Witten, the 
the water-cooled flaps below them are shut choice fell on t ipola furnace to 
F The sludgy water issuing from the lower part of serve aS ii” from making hot 
j the filte haft is circulation-cooled and cleaned, so 2 
that only the loss by evaporation of 0.5 cu m pe ) 
. melt has to be made good 
For reversing the flaps, regulating the number of 
ly * no 
revolutions of the flue gas fan, switching on the 
‘ ventilators of fuel oil, and sludge water pumps, a 
central boiler-control station, comprising also the 
604 
AM 7 INCR IN TEMP OF CHARGE 
ENSIBLE HEAT HEAT. UF SLAG 
RADIATION OF RADIATION OF VESSEL SURFACE 
vVESSE ¥ RADIATION OF VESSEL MOUTH 
¢ £32 ATION OF ROM 

ENSIBLE HEAT + Tyger 

WET REMOVA a NOZZ NG WATER 

1,424 TOTAL HEA 
cr -oxiDATION 
“DATION 
BOILER FEED XIDATION 
Sl AG FORMATION HEAT 
335 
XIDATION 
4 Fe-OXIDATION 
MBUSTION 
N WASTE-MEAT!\ 1 CARBON REACTION 
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OLID-STATE PHYSICS CONFERENCE 
IN LENINGRAD 


The roving AIME membership continues to provide the Journal of Metals 
sith reports from the USSR. This time John J. Gilman of General Electric 


Research Laboratory tells of 
Mechanical Properties of Non-metallic Solids” wl 


by the Neva 


& 


by John J. Gilman 


T would be difficult to find a more fascinating 
| place to attend a scientific conference than Lenin- 
grad, USSR 
tionary history, ballet tradition, scars of World War 
II, and vigorous reconstruction would make it 
unique, even if it were not in the mysterious and 


ts mixture of Czarist ghosts, revolu- 


exotic Soviet Union 
Leningrad, formerly St. 
bustling seaport of four, perhaps five, million popu- 
lation. It was begun as a military fort in the early 
eighteenth century by Peter-the-Great, who soon 
established it as the center of government in Russia 
Between that time and 1918 it was filled with 


Petersburg, is now a 


JOHN J. GILMAN is with the General Electric Research Labora 
tory, Schenectady, New York 


ich 


a recent international conference on The 


‘e in the ci y 


ngrad Academy of Science on the 


palaces of all sizes, large government buildings, and 
great cathedrals. Many of these old buildings have 
been maintained or restored. Their brightly painted 
French-style facades form a rich contrast with 
rather drab brick buildings. All the buildings 

uniform in height but very broad in base, and this 
also contributes towards making Leningrad archi- 
tecturally unique. Although they are proud of the 
fact that a newspaper can be read on the bank of 
the river Neva at midnight in June, most Lenin- 
gradians agree that the weather is miserably cold 
and wet. However, they think that this is com- 
pensated by their excellent museums (the Hermi- 
tage is outstanding), fine theaters (they profess 
their ballet to be the best in the Soviet Union—I am 
inclined to agree), and the nearby showplace, the 
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ty 
’ 
>. 
Len Ne 


imme 


urements. It of special interest, be- 


controversial conclusion may be drawn from 


900 days Ge 


a , a because of its bro scope. Rupture times 


covered ten orders of 
measured 


1achine. Also, 


because 
tivatio 


equal 


an WOrRK 


t 1OOOA in size 
breaking up and sinte 


proceeds 


mechanical 


dis- 

s made a I im Al- 

} rupulously avoided calling them by 

heat vibrations i . , Profe T. A. Kontorova discussed the the- 

of one-dimensional dislocations. She has ex- 

tended the early work of Frenkel and herself to in- 

Creep and rupture clude the effect of anharmonicity of the inte ratomic 

forces. There wer few reports of the begin- 

The first report rimental 1 re} as bi iings of etch-pit Finally, a very good film 

sor S. N. Zhurkov of tl hy nical show! rowth spirals in action on 

Institute, Leningrad 


was shown by Professor G.G 
and concerned 


Institute of Crystallography, Moscow 
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St 
large apartment houses is the most urgent a 
‘ in Leningrad at present. During 
lege the city suffered terribly, but about : 5 
sq m of floor space have been repaired or rebuilt, nitude in time, were 1 Of a 
and now the city being expanded high-speed loading nN a variety of dis- 
The Conference that I attended was entitled. “The tinctly different materials were studied, including 
. Mechanical Properties of Nonmetallic Solid and jlass, aluminum, platinum, and silver chlo- 
Was spol red by the International Unior f Pure le. It was found that the activation energies for 
; and Appl 1 PNnysk ana the Academy otf Science t h creep and rupture have the same values and 
tf the USSR. About 150 people attended, bu ! e stress-dependent. At zero stress they are very 
Ix Of these were foreigne from Belgium, the UK nearly equal t the heats of sublimation of the 
and the US. Except for a handful of people fron materials. Although Zhurkov did not state it ex- 
the atellite ¢ intr Soviet cit el made ip the nis W K 1s cont! versial he con- 
. est of the audiencs ensus of other workers is that the n ener- 
Although the title of the Conference excluded oie for these processes gaa self-diffusion activa- 
meta liscussion Of them occasionally crept int tion energies. The Russigmmmmmmm suggests that this 
the progran A Ise ome f the topic that were } f tuit is 
Cussea ale I eres me Ut ar Pane or ich thir is photoelastic patterns in 
ai lef med crystals, elastic-twinning in Caicite, adra- 
hoth met na on-meta)< 
votn meta ind non-metal n of diamond, studies of InSb, cleavage of mica 
winning n quartz and Rochelle-salt,. and fracture 
and structure of high-polymers and glass were of 
Academician Joffe, the chai 
cademician Joffe, the chairman nterest to various groups of specialists Dut ar 
T } bably not of primary interest to metallurgsit 
The guiding hand of the Conference was pro- 
vided by the Chairman, Academician A. Joffe, wt 
well-known in tl field for his e: W c on the 
mecnal if prope rtie Olt alkal na yst na Deformation 
esper lally for the Joffe effect. He wa iided by P 
essors M. V. Volkenstein and I. M. Kornfeld. The 
‘ 2 +} = hr al 
rrve works n the field ¢ } me nd i R ] Garde! I rhysiCai- 
Instiut Kha liceuissed th hanges of 
mav be inknown to metallurgist but K nf i ilé He qaiscussea cnang 
nown for } wo} ‘ structure that accompany deformation in terms of 
cnown for his work of some ve: pa re 
rwetallisaat 1i¢ Ch ipou are pic- 
one ntir ly ing DacK 
The Conference opened with a historical resume 
t t} s deformation = thinks thé 
of } own work by Professor Joffe. He ent. 1 the gether as deformation | me t , 
+} tant nero. ftey is st 1 in the 
f } } | la ent after ¢ ormation 1 ored in th 
ield through an interest of his profe Roentge 
in piezoelectricity. At that time it was thought that caieceaies 2 
plasticity was due to some kind of gh-tempera The effects of high pressure n the ductility 
ture transtormation During tl ame me od the metals was discussed by G N. Riabinin of the Lat 
conflict that « xisted between Bort ther f coh ora ry Super High Pressures, Moscow Intere 
n and experiments was resolved by the Griffit! ng diffusive and martensitic phase transitions 1 
flaw theory and Joffe did h Classic expe ment thin antimony nims were qaiscussea Dy L S.J aiat 
which supported Griffith the At the present nic. Polytechnical Institute, Kharkov. D. M. Vasi 
time, we explain plasticity and fracture in tern yf ev of the Leningrad Polytechnical Institute di 
defects in crystals. Joffe expressed the hope that the cussed measurements of microstresses In Gerorine . 
Conference would conside! the theory of defect eel and aluminum. Ferrite tends to be compre . 
and not defects of the theory He closed bv citir and cementite extended in deformed low-carbdo! 
what he cor lers to be the itstanding bler tee 
of the HE properties field 
Dislocations in crystals 
1) finding a connection betwee! mechanica 
4 trength and chemical bond strength, Perhaps the closest attention was given to dis- 
, ocatior n crystals. This subject has been neg- 
a) understanding the role of urtace 
4 | i I t i ected for some time in the Soviet Union, but now 
3) relating electrical and mechanical propertic here enthusiastic interest. Professor S. Ame 
linckx’s beautiful pictures of dislocation networks 
4) discovering a theory of mechanical strengt} waoll.received and the oh- 


the demand has 


years, is a byproduct of zinc 


Cadmi im metai, or whnicn 


} 
Dast several 


the Anaconda Co.'s Great Falls plant 


by A Alf 


ADMIUM is a relatively rare element, but it is 
closely associated with zinc, and most zinc ores. 
1] sad and containing zinc, 


copper ores 


values 


In the early days of zinc metallurgy little effort 
Was made to recover cadmium in retort smelters 
But a large increase in the demand for cadmium 
since 1935 has forced retort smelters to improve 


their metallurgy by adjusting the sinter process so 
cadmium Also 


as to increase recovery in recent 
years an effort has been made to up-grade cad- 
mium-bearing fumes from lead blast furnaces and 
copper smelting operations, and recover the con- 


tained cadmium 

Cadmium is a constituent of practically all zinc 
concentrates, In quantities varying from 0.10 to over 
1.0 pet. In the electrolytic zinc process, cadmium 
entering the cycle in the zinc 
solved in the regular leaching operation and must 
be removed from the zinc-bearing solution prior to 
elec This removal is effected in the purifi- 
cation operation where sufficient zinc dust is added 
to the zine leach solution to effect the removal of 
cadmium, and other impurities detrimental 
to zine electrolysis. The resulting precipitate, vari- 
ously known as purification cake, purification resi- 
due, cadmium cake, etc., contains the copper, 
mium, and excess zinc which was used in the purifi- 


concentrate is dis- 
‘trolysis 
coppel 


cad- 


A. |. ALF is Supt., Cadmium, Indium, and Rare Metals Div., The 
Anaconda Co., Great Falls, Montana. Presented ot the AIME 
Annual Meeting, New York, February 1958 


CADMIUM PRACTICE AT GREAT FALLS 


increased 
is. Here 


etectro.iys 
story of caamium recovery and production in the etectroiytic 


Electrolytic 
Zinc Plant 
Great Falls 


Montana 


many fold in the 


is presented th 


plant of 


cation. This material, referred to here as purification 
residue, becomes the material from which cadmium 
is recovered as a by-product of the electrolytic zinc 
process 

This paper is concerned with the and 
as practiced at the Electro- 


Anaconda Co. at Great Falls, 


recovery 
production of cadmium 
lytic Zine plant of The 
Montana 


Purification residue treatment 


> ; ; ; 
Purification residue, as it comes 


from t 
contains a high percentage of metallics, and 


presses, € 
it must be partially oxidized before it is leached. For 
this reason it is transported to a storage area where 
it is stock-piled in heaps, so that a quick dissemina- 
tion of the evolved heat from oxidation cannot take 
place. It remains there for a period of 60 to 90 days, 
which time it is reloaded into cars and trans- 
ported to the Purification Residue Treatment plant 
The partially oxidized leached with 
spent electrolyte from the zinc and cadmium elec- 
rolytic cells containing about 10 pct H.SO,. It is 
supplemented with commercial sulfuric acid, but a 
slight excess of purification residue is later added to 
the leaches for complete neutralization of the acid: 
the leaches are discharged to a Dorr thickener 
The spigot from the Dorr thickener is sl 
diluted with water, heated to 70°C, and filtered on 
a Moore filter, where it receives its first wash. The 


+ 

ii 


after 


residue is 


ightly 


spigot from the Moore filter goes to an Oliver filter 


Cake and 


from this filter is repulped with water 
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inc plant solution flow, thus completing the cycle 


‘ through the Purification Residue Treatment plant 


Leaching of cadmium sponge 


Zine 
Leaching of the cadmium sponge is carried out In 
PURIFICATION two mechanically agitated wooden leach tanks, 18 
TRATE RES! Dus RESIDVE Cu PURIF SOLUTION ft in diam. and 14 ft in depth. These tanks are com- 
pletely hooded and equipped with 10,000 cfm Bi- 
; ‘+ + furcator fans to exhaust all gases which may be 
iS pea fast oN formed during the leaching period. Each tank 1s also 


equipped with an automatic arsine detec 
RIF CAKE ' gnal system, which is described later 
waite Head acid for the cadmium ieacn is prepare lina 
‘re? 4 lal storage tank. It is made up t » 41 pet H.SO, and 
AOMIUM LEACH contains spent electrolyte from the cadmium elec- 
{ ntailn pen Irom tf aamium i 
E LUTION trolytic cell er, and commer< ial sulfuric acid 


+ L “an 

first step Is to fll the leach tank with head acid 
5 

ent just to r the paddles of the agitato 


tins litio 
aun acia 


Fig. 1—Purification residue and cadmium plont flowsheet at Great process of alte 


Falls, Montana is repe ated until the tank is filled to capac 


Enough excess sponge Is then added to the leach 
itered On a econda Uliver fite! Cake from the 1] t 
to completely neutralize ail the acid, and emove 
cona arot mto a belt convey ind is dis- ; 
1 any copper, which has been dissolved along wit! 
ed t T} n nt of hir 
( i i i Ss amoun Wasning } 1 } 1] 
the cadmium. This leaching cycle Is generally Cat= 
ece irv because washed residue, after being 
i } th ried out on day shift 
Irie ppe ppe me ite at Anaconda 
ntar } When the leaching tank Is filled, it 1s agitated [0 
vi where a c or cadmium in the residue » } 
, about 16 hr. About 3 hr before it 1s reaqy to be dis- 
et ry), a or ; the tan!) na th 
The cla ed ition f m the Dor thickene charged, team a = Lie ana 
ntainit solution is heated to 70°C. Each tank Is equipped 
ppt admium, and zinc, is pumped to 
with a temperature regulator, which cuts off the 
coppe purincation anks where the copper is re- 
steam when the <j rer *mperature is attained an 
moved by the careful addition of zinc dust. A copper team when the desired tempera ure attaine unk 
} holds t tnis Tm”) “Ince teamnerature 
esidue produced which is separated from the holds it at this tempe 
: coppe ee solution in a De thickene the spigot control is necessary for elimination of any lead In 
for icechareins the |] < 
product being added to the ‘ jue from the first the cadmium. Before discharging the lieach, lit 
Dorr thickener at the Moore filter. Copper-free so- checked for acidity, copper content, ana tempe 
aoitator is sn ) } the solution 
lution is pumped to cadmium purification tanks ature, the hut wn, and — 
through Shrive filter presses hen th 
where the cadmium is precipitated in sponge form pumped through Shriver filter presse: : ‘s 
T tank is almost emptied, the agitator is started again 
tne careful addition of zinc dust The caamium tank 1 il ptied, he agita * 
Alt ; iY st} < 
fication sponge is discharged to another Dor: and filtration continued until the leach tank | 
hickener through a small screw-type classifier, earn 
2 Oc » Fy . 20 i< sen the 
vhich removes cadmium balls that may have been Residue from the cadmium leach is sent to the 
formed during the purification. Cadmium sponge, purification residue stockpile to be returned and re- 
; which settles out in the Dorr thickener, is pumped to treated through the Purification Residue Treatment 
« two-leaf American filter and is then transported by plant. Filtered solution from the cadmium leach 1: 
helt convevor directly to the cadmium leaching pumped to storage tanks and fed by gravity to caG 
tank mium electrolyzing cells 
, Overflow from the cadmium Dorr thic kener is 
pumped through a heat exchange unit to secondary : 
Electrolysis 
purification tanks. In this purification, coppe! (in 
the form of copper residue), arsenic trioxide, and Electrolytic deposition of cadmium Is carried out 
- zine dust are added to the hot solution and agitated in lead-lined wooden or concrete cells of the same 
for % hr to remove cobalt, nickel, and germanium construction as the cells used for the electrolysis of 


The purification tanks discharge to a Dorr thickener, zinc. Anodes are lead-silver alloy, containing 0.5 
and the spigot is pumped to the Moore filter to join pet Ag. Cathodes are aluminum sheets welded onto 
the other residues for was! drying, and ship- cast aluminum bars, with copper inserts on the con- 

clarified solution Is tact end of the bar. Bus bars on the cells are made 


ment to the copper smelter. The 
pumped to the Zinc Leaching plant to join the main from 15% in., rolled copper 
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PURIFICATION RESIOVE LEACH 
Co SPONGE Cp PURIF SOLUTION | equipped with a foam detecting device, WI elps 
| to prevent leach from foaming ove! the top of the 
Ase 
= t nd most important. leach tanks are 
LYZING CELLS > 
— Then CaGmilum Metallics, Ure im 
t 
5 o WASH aon sponge balls from the screw classifier, beads, scrap 
MELTING FURNACE from the electrolytic cells, and siime from the cad- 
‘ mium casting, are added. The mixture Is agitated 
t ‘ - until the metallic cadmium is dissolved. Next cad- 
: 
+3 
"4 wasn : SASTING MACHINE mium sponge from the American filter is added 
» - intil the acid content of the leach solution Is Te- 
BEA 4207 SLIME AOMIUM 
duced to near the neutral point. At this point, mors 
head acid 1s added to the tank, and caamium sponge 
n added unt he ition shows neutral. This 
im, 


tainiess 


does not contain the sink hole 
n hand cast About 6200 
the average 


working 


as sticks, , or anodes, are 
conventional manner, l 
metal is 


drawn 


Fig. 2—Centrifugal cadmium ball casting machine 


Ins nace 
etal line, equipped with a manually op- 


ed valve, directly into the 
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Be 
Th 60 ] neratior +} ‘ody n +} +} : 
alt ) cells in operation in ne caan in Cadmium catnoaes trom ne electroivzing cells 
electrolyzing cell room; each cell has 37 anodes and are first washed in water and allowed to drain, Dut Bar 
36 cathode and spacing is n. from center t not to dry, before they are charged to the melting = : 
cente ) he cathode The cells are liviaed i! crucible. About 1500 lb of cathodes are charged at Pa 
eligi Iinits, il eig celis arranged e. Lau c soda is used as a COVEI o prevent 
a 
Six cells arranged in daouble ascades o!f three cells the cathoae After the cathodes have melted, the ae 
each. The cell voltage is approximately <.9 v, anda caustic da! which contains yme metallic cad um en coe 
the current densitv will vary trom 2.0 to 5.0 amps n the torn f prills or beads, 1s skimmed from the beets 
per sq It Each individual cascade is fed with elec- melt, and charged directly into a dross washing ma- San 
e at the top end of the first cel ana spent chine filled with wate After the crucible has been ey Be 
electrolyt lischarged from the bottom cell ol kimmed, another charge of cadmium cathodes and eich 
each cascade i a common tank. This solution 1 rap is added to the melt. This process of melting reg 
ecirculated he cells, by means of a 2 in. W n- and skimming is carried on during the time that bee 
ngton pump. New feed added to the electrolvte metal is bei cast ee 
i€ recirg ank, ana exces elt ‘ ‘ 1 
In the pipe going he ball casting machine 
Vt rit ann MoO a a ind moves ‘ ‘ ‘ 
here is an automatically controlled valve, which is 
¢ +} jinn R Treatment : . 
cation Nesiaue sreaunent pias timed to introduce the ect amount of metal into 
Feed t +} nt =} + 200 £50 
| he cells ¢ ains about < epi 1, ana T +} id } tad 
gpl LI re pent electl Vte contains abou i ‘ 
HS 250 F with a low-frequency water-cooled indauc- 
ncou. ini s connected a timing device whnicn 
Call es are tripped ol! imium deposits evé ‘ 
i I Ca i } . starts the induction c¢ al it 2 hr before the work- Bees. 
4 hr } 12 wnilat na tr ner 
Elec i > Lil WidlOs> ail alls} shite Ww) the ind the meta line 
are ut » the per temperature, the casting opera- 
celis, or 940 plates, 1n an 6-Nn snilt Beads and rees 1p _} +} 14 
nt +} lac not ror i off but ren vith erst 
iting, and when a speed of 596 rpm is attained, a 
preset automatically Co! lled valve opens for 09 t a 
a iat rit OF A ne is 
I lept 
i iad CO@dsts { a ana auUlt 
+ + 1] na 
pens, permitting the remova f the cast balls and Ae 
Melting and castin he sprue. The total running time he cycle is 144 ae 
mir na th tot nsed tin fron start of ome 
e presel aan im me ing tlurnac COI i . e to the start f the next cCVCle Ss approx mately Soak 
a secs min. The mold is brushed and dressed with syn- 
n diam and 52 u n depth, having a capacity of ap- ¢ ' er 
proximately 15,000 lb of cadmium. Four peripheral! 4 
s burners. thermostatically controlled by the heat The cast balls and sprues drop into a chain-type PS Sd 
: — dumped at a point where an in- | 
of the melt. sh heat to the iown-draf furnace ( nve\ ra 1 alt a a } 
on tar cort<c halle fron +} cep < | 
A 116 ft sq flue from the bottom of the furnace and pectol rts the Dalis [rom the spius Unacce} Bd | 
inder the floc s connected to an Industrial En- able Dall prue e pu é A 
PT +) rr pe ony \ l1lVel ( re | ng iurnace 
gineering Co., Type PIH-40, Class thermo ex- pe vering 
} ‘ } Balls that pass Ins} tior il aeliverea a Ma- 
hauster. which exhausts the turnace fase at K ais aie 
} hu where the re washed, first In a weak sul- 
stack. Molten cadmium is tapped from the crucible chine where they al ash , ae 
h I] wal Stee! furic acid solution. and then in water. From the 
through 1 in. ID, heavy wall, s steel pipe acl 
T lin water wast thev roll a rough througn a 
There are two of these pipe lines from the furnace ater Wash, A 
} } } +h , 
hall y +} the) brus! macnin wl I yulppeda with norizontal 
one service the ball casting machine, and the ine rushing machine, whieh 
is used for casting shapes, such as sticks or slabs el brushes, one aa 
one } iu } shes ] t} S fa the balls which dlis- 
These metal flow lines are heated Dy e1ectrica: Orust ciean rit i iCt : 
ha to a slopl bench whet! thev are boxed ana 
sistance,and temperature is automatically controlled Charge a sloping Dench where th i gi 
weighed for shipment a 
Cadmium metal is cast at from 750° to 900°F, the Bi 
d ideal temperature being about 840° F. The auto- 
: matically controlled gas burners keep the molten 
A ! j metal in the furnace within this temperature rangt eis 
: = , Mold temperature is controlled by air from a Cop- an 
= pus blower. Temperatures of metal In the furnace, 
Micromax meters and are controliea [rom these 
meters. The cel y-cast cadmium ball is den- ae 
Li 4 ser than a hand cast ball, weighing approximately 1a 
; 114 lb, compared to 1 lb tf the hand cast | nd a es 
‘ | } 
sel commonly present ae 
= ve lb of balls are prox ‘aa 
— Ythe 
ear x cast 1m a 
. — that the 
throug! 
n 


Treatment of cadmium dross The detection device consists of a lhght 


Das 
bottle of silver nitrate solu 


( ire fy +} . 
a ( ron he mel rnace is light passes, an electric eye which actuat 
} i directly into a drum-type made of t f ; ip! f 
stint} ila A and a pipe system for coliecting sampies OF 
et milar in construction to the dross pass through the silver nitrate solution. Ope 
ne dré The of the device is based on the fact that arsu 


] nounted on hollow trunions, so that wate: will decompose silver nitrate and cause mée 
? pe ll ijuced into the drum. During the skim- silver to form, thereby dar] g the color « 
ale w continuous!) ‘lution. The metallic silver changes the amot 
i the hot caustic Is dis- light passing through the silver nitrate so! 
j en rit n the drun ire washed witl sper the to be tested. By this method niv a 
he acid is drained on ion. However, the sample that does reac 
na th head head mned fro +} ri 
. 1 beads are Gumped trom the irum detection device reaches it only a few seconds 
Audible alarm system for the detection 


of arsine solution 


Whereve va pet! generated ne presence to evacuate their working areas immediately 


gas n De med. In the Great Falls plant wearl! an oxvgen mask for the locatior 
‘ kmen receive continuous portection against the which the contaminated air sample was taker! 
t f arsine’ contaminating the working this person then checks that work area for the 


t tacks equipped witl 1itable exhaust fans to thoroughly checked and found to be safe at 

move gases from the tanks to the outside air. Flue workmen allowed to return 

ire equipped with draft gages to check on both the sampling lines from sampling area t 
cuun 1 \ ime la passing through the sys- ling device should not be ove! 70 ft in le 


Working area n whict here ex ligntes 
bilitv that arsine might be found, are moni- taining the silver nitrate solution in < lt 
tored contir isly by an apparatus that will caus¢ This system of detecting arsine is both posit 
, en t ind if even a minute trace of the gas 1s rapid, and in our opinion, the best device |! 


ec) 


On 


Fig. 3—Vacuum by-pass system 
for the detection of arsine pro 
vides continuous protection for 
workmen at the Great Falls cient 

sovece 


plant 
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No chilling effect and higher recovery are the 


two chief advantages which have turned steel 
producers toward exothermic ferroalloys—a 
blend of an oxidizing agent, a reducing agent, 
and a conventional ferroalloy. The reducing and 


sof 


the oxidizing agents, upon contact with the 


molten metal. produce sufficient heat to deliver 


the ferroalloy in molten state Satistaction has 


ich that use of exothermic ferroalioys has 


heen st 
greatly multiplied since exothermic ferrocl rome 
was introduced in 1939 by the Chromium Mining 
& Smelting Corp 

Exothermic ferromanganese has found the 
broadest applications of this group of alloys and 
vas the subject of a special session at this year’s 
National Open leart} Conference Below is pre- 


sented an article on production at the Electro 


Metallurgical Co and three conference reports 
on the use of exrothermt ferromanganese at 


Bethlehem Steel 


manganese aS poss 
ladle he hev can obtain closer manganese con- 
trol and higt ries Heavy additions of reg- 
ilar ferron alloys, however, cannot be 
made to the out severe loss of temperature 
and abnormal segregation 
thern mar alloys, steelmake 


‘ 
rm distribution of manganese. In addition, the 


lved perm 


veniently to the bottom of the ladle before tap, thus 
avoiding the problems involved in making additions 


during the tapping of a heat 
What is it? Exo 


of a properly sized ferromanganese alloy and mate- 


‘rmic manganese is a mixture 


rials provide the exothermic reaction The 

materials in the reaction are so balanced that the 

reaction goes to completion and will produce enough 


heat to melt the mass of alloy and minimize tem- 
particle size of the components, 
the heat generated by the reaction, and the turbu- 


lence resulting from the reaction are all factors 


promoting rapid solubility and uniform distribution 
of manganese For convenience, the material is 


packed in cans containing exact W eights of the man- 
ganese and carbon additions 
There are two basic types of exothermic reactions 


among the special addition products currently on 


the market. One is a reaction of aluminum and 
sodium nitrate which forms sodium aluminate The 


W_ R. LEWIS is Assistant Works Manager, Electro Metallurgical 
Co., div. of Union Carbide Corp 


EXOTHERMIC 


ROMANGANESE 


in a subsequent 
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2 
Youngstown Sheet & Tube, 
ind U. S. Steel ee 
r ft W.R 
by Lewis 
The variable melting conditions in the open- other 1s a reactio! I licon and sodium nitrate 5 
hearth bath result in unpredictable and erratik which forms sodium silicate The products of bot! Beth 
OSs i inese aaa ons ence ost operators eactions ass I n the siag vere oes 
] i } 
erroalloys whicl e based on the iminum-so- ach 
nitrate eactior iypical compos ns ! 
high- and medium-carbon grades of exothermic ie 
ferromanganese are shown 1n iabie i 
is i ed? R limn mar 
How is it produced? Regular lump manganese re 
alloys—standard ferromanganese [ol gh- 
iq ry Mn t +} th rhan na mediun rhan ferromal nes 
can adda as mucn as < pct Win tO Lhe with carbon graaqe ana meaiu -carbdon tferl nanganest 
little temperature drop and no danger of segre- for the medium-carbon grade—are crusned 20 ‘a 
gation. The exothermic reaction supplies heat ana mesh in a rotary-type crusher. Th crushed man- ie 
promote stirring within the adle, providing for a ganese is then weighed and mixea n an Abbe es 
un blender with the materials making up the exotie® 
heat mic reaction, Fig. 1. The reaction materiais—soaiun 
chiometric proportions. A relatively small amount a 
the heat required, with the result that n nuch eS 
slag is formed, and the fume from the mixture re- Bi ak 
action is reduced ane 
Also added to the materiais in Mme are 
fluorspar and a natural wood resin binder. Fluorspa ere 
increases the fluidity of the slag formed by the ena ee 
products of the exothermic reaction and acts as a ie 
4 walaratns ne rat ‘ litior 
reaction accelerator, ncreasinhs he rate ot solution 
hat the all ll dissol 
of the mixture so that the alloy will dissolve ear!) oe. 
uniformly distributed throughout the 1e] Fluor- 
spar aiso increases ne amoul ot neat given Ol OS at ae 
the reaction, thereby reducing the amount 0! the ae 
reaction materiais neeadea 
The resin binder serves to hold the materials a 
together in a briquet ZZ" heating opera- Bo. 
tion. But this binder also contributes to the agi- Press. 
tation and stirring of the molten steel when the oan aa 
alloy dissolves, effectively preventing floaters and aig 
segregation 


if 


ig. 1—left—Weig'ing and mixing ingredients for exothermic ferromanganese at Fig. 2—right—Oven for heating exothermic ferro 
the Alloy, W. Va., plant of Electro Metallurgical Co., div. of Union Carbide Corp manganese cans. Resulting briquet prevents loss of 
tines within the ladle 


Results at Youngstown 


Total Weight, Lb by R oo Kimberly 


Table |. Composition of High- and Medium-Carbon Grades of Manganese addition 
Exothermic Ferromanganese Produced by Electro Metallurgical Co é ! Indiana H 


Caici 


arbo 


High-Carbon Medium-Carbeon 
Grade Grade 


R. L. KIMBERLY is Metallurgical Observer Foreman, Youngs 
town Sheet and Tube Co., East Chicago, Ind 
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— 
w e af 
Aft piendaing the exothermic nganese MIixX- 
ture ired nto cans and we hea semi-auto- 
it i The cans contain weight Oot Mar ines¢ 
ind « bon as follows 
H« 64 + 
The nly istification for using exothermic man- 
q These cans are carefu checked for weight and ,anese allow ne manganese aaa n 
ry +} a + c OLY i that | 
analvs before furthe! proces The tops are ade e iadait I well recognized Na adit 
then sealed on and the car are placed n flat cai aa neanese fave e aavantasl vel 
j whict e rolled into a batch-tvpe ven for heating furnace aaaqaitior le. a muc! ore unllo 1 man- 
at approximatels 50 F for 7 ht The heat melts tl ganese recovery Thi is pa Culariy importa LO! 
st over 1.00 pct Mn which a! lwavs trouble- 
esin t ier, forming a bDriquet This briquet pre- t 
vent loss of fine within the ladle and gives more e Il } e viewpoln {f analvsl Create! n 
iniform recoveries Fig 2 \ ecovery resuiling adie 
When the ca! ire emoved from the ver ther ad I should bring about fewer om-hea 
warione times in the nast additions of at 
are packed pallet holding 60 can Ol xi- A rit rit pa i«a 
matel' $80 Ik f material for the medium-carbo! east part of the regula! ferromanganese Nave been 
rade and 3840 ll f material for the } h-carbor tried, Dut alway ne iermal limitation Of aagaing a 
orade There pre-weighed cans illow easic han- Maree Coia «i aterial ne a reea 
and eliminate weighit the tes l abana ne } Given a shaa neat a 
ley tr nan tin wit? ryr 
The pall are a further aid to Nanali because N 
theyv cal he moved easil\ bv fork lift t ick « OV al al < Crt Wiki iti Cau Pik, 
head crane The entire pallet can be added t the all-end pickKu} n manganest 
tice ic to hlock with silicomal nes 
empty idle bv crane. or where less than a pallet rresent practice 1 DIOCK WIL lcomanganest 
t} t! 65 pet Mr and put +} ula 
eguired he cans cal hye counted to letermine ne pe In grade int pu all ne egulal 
F weight and added individualls I facilitate jenti- manganese mnrougn the turnace, with the pr 
hh nrior if fey nor in th ] 
fication. cans are color coded acc lir ade Die exce} n a few Nhunarea pouna nine ladic 
The canacit' of Elect: met built exo- al nece ary recovel corre on 
To stifv th us f ithern mat ne 
the! c manganese plant n exces of 1000 ton i Istli rie ise OF exounel ( naneLanesc We 
must show two things 
ont Some stee]lmaks he eve that 4 the i W ning 
il? experience ] ne exotnermik manganese 
Exothermic manganese give a more uniform 
there w ay tead ncrease in the e of the alloy : 
recovery, ana 
There s no tendency to show tall-end ingots 
produced usi th tvpe product 
nign in manganese 
for the exothermic practice 
: Works of Youngstown Sheet 
& on the basis of a 4000 lb silico- 
} ind a regular ferromanganese addition of about 
3000 lb or 40 points of manganese, an amount which 
C. pet ) +1 he addition chute can comfortably handle The 
NaNO.. pct 
Cak t 4.2 4.2 
Tot t é 21 


balance of the manganese is added to the bottom of 
the ladle as exothermic material. Any correction f 

heat size or recovery is made by varying the weigh 
of the regular ferromanganese in the addition chute: 


ye 
J 


heats were made 


too many variables, 


three specifications. These are shown in Table II 


Although some Variation has beer ea between 
grades, this difference is not en ugh t prevent 


oO this practice. The 54 heats made to exothermic 
practice average 80.4 pct recovery or 5.1 pct highe: 
he spread of recoveries can be shown 
aph in Fig. 3. This is a frequency distribution of 
Along the abscissa are plotte i recoveries 


grouped and at class intervals of 4 pct. while thx 


recovery class compared to 28.2 pet of the heats 
falling into the 76 to 79 pct class for regular prac- 
tice Exothermic distribution is definitely more 
narrow with a I ghet peak, than the squat spre ad- 
out curve resulting fron e regular practice. These 
attributes of recovery distributions show the greats 


uniromity OT recovery yie 


manganese 


regula! practice, lowest effic ency which can be 
obtained and still have the heat finish within range 
is 70.1 pet. Likewise, an ency of 80.4 pct is the 
highest efficiency which can be tolerated to put t} 
heat in on the high side. It is found that only 59 pet 
of the heats made according to the regular practice 


fall into this range of 70.1 to 80.4 pct 


Applying this same test to the exothermic man- 


ganese practice, where the avg recovery of 80.4 
pet is used, it can be shown that anv heat falling 
inge will finish within the 
manganese. Of all the heats 


f 
5 


practice, 81 
fall into this range, or 22.5 pct more than heats made 
to the regular practice 

As was mentioned earlier, one of the principal 
objections to ladle additions of manganese has been 
the high spread in ladle manganese from the first 
art of the heat to the last part. This characteristic 
of ladle additions almost disappeared during the 
test. Average spread on ladle analyses was .047 pet 
Mn on regular practice heats, compared to .052 pet 
Mn on exothermic heats. Only one heat of the 54 


exothermic heats exhibited a bad manganese tail up, 
and there was enough in the way of bad practice so 


langanese through the furnace Both groups of 


Table II. Specification of Heats for Youngstown Sheet & Tube Co.'s 


Test Program 


No. of Heats 
Exothermic Regular Mn 
Mn Ladle Furnace 
Practice Practice 


Mn Analysis 


Specification Range, Pet 


Fig. 3—Frequency distribution of manganese recoveries from reg 
ular and exothermic practice at the East Chicago, Ind, plant 
of Youngstown Sheet & Tube Co 


TANDARD 


Ferre Mangorese 


Percent Of Total Meats 


Mangonese Efficiency - Percent 


Fig. 4—Frequency distribution of manganese efficiencies trom exo 
thermic and standard ferromanganese operations at Bethichem 
Steel Co 


MANGANESE RECOVERY 
20/.24% C 1.35/1.55% MN 


OPEN TAP 70 CANS MAN-X BLOCKED H.C.FE MN 


90, 9 
> | 
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ase 
60) 60] 8° 
| 
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Fig. 5—Spread of manganese recovery for exothermic ferromanga 
nese (left) and high-carbon ferromanganese practice (right) at 
South Works of U. S. Steel Corp 
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} 
We are a lit the) 
al a our test 
Vata 
presented 1s bDased on the first 54 heats, and for a 
comparison, 39 heats were selected which we} N Se Pit 
iCal serecired whicn were made 2 + 
according to the regular practice of puttir the Serie 60 t = oe 
! I 4 
during the same period of tims 
1 spreading the dat t thir ‘a a 
vel 
65 
AR PRACTICE 
lumpi the data toget} 
u UIC! a larger picture < + 
In order to give the strictest test, all data has been r 30} _ 6s Ee 
equated to the 20 point mang Mr Mr 
ne <VU point manganese range of the 4 A 
4 
The average recovery if the 39 heats mad writ} 
hea made with 4 
iC nrouen the furnace practice is = 
pet, which about the average on all high r s ALL HEATS ~ | a 
manganese grades blocked over 0.20 pct C and mad 7 59.0 PCT OF a see, 
ALL HEATS fee 
60-63 64-67 68-7 12-75 76-79 80-83 84-87 BA-9 
PCT RECOVERY aa 
percent f neats falling in each group are plotted Bk 
aiong the ordinate 
Tr 
ne hig! ont ron leo f th 
> high point or mode of the exothermic curve [ Prete: 
20} — t EXOTHERMIC 
sistency of recovery can be demonstrated 
in still another wav. On an N-80 seamless tube heat 70 = 
al. 
| 
in 


that it may be discounted as non-representative 
Whatever recovery variations there are in the exo- 


thermic practice, are probably due to manganese 
duced in the furnace as silicomanganese, fo1 


about 30 pct of the manganese is still introduced in 
is material 

Exothermic material is, of course, more expensive, 
ence in recovery pays for a 


ttle over half the additional cost. Costs are further 


educed by fewer off-heats. When the strict test of 
the 20 point range is applied, the off-heat picture 
joes not live up to what might be expected from the 
frequency distribution. Exothermic manganese ac- 
counts for only a 10 pet cut in off-heats, but we be- 
eve that as experience is gained this picture will 
mprove. On the other hand, if the looser 30 point 


manganese range of the 1300 series is applied exo- 


manganese cuts off-heats by 35 pct. Gen- 
eralizing, it can be said that heats are still missed 
exothermic manganest but thev aren't missed 
quite as badlv and, after all t is the severel 
! ed heats that wind up ll the bone ara 


Results at Bethlehem 
by T. V. Wainwright 


Bethlehem Steel Co. has used exothermic ferro- 


manganese mainly to make AISI 1330 and 1335 
grades. It was first used in an attempt to obtain 
more consistent recoveries, and, hence less chance 
if off-grade analyses. The distribution curves in 
Fig. 4 show that the spread was not as great for 
exothermic ferromanganese as for standard ferro- 
manganese and also that the distribution was more 
1! m. Re« rr e consistent 
84 ct stan la 1 O- 
mangane silicon containing 
alle a vpes had about the 
ame ec 

To cor for McQuaid Ehn 
9 to ( had to be added 
vhet ] al Th Ss amounted 
to about -up of nitrogen on 
these grades amounted to 0.003 pct 

No difference in quality was noted between the 
product treated with the exothermic material as 


compared to that with standard ferromanganese 


It was concluded from our experience that, if there 
difficulty in obtaining the specified manganese 


he use of exothermic manganese can help, 


T. V. WAINWRIGHT is Practice Engineer, Steelmaking, Bethle 
hem Steel Co., Bethlehem, Pa 


Results at US Steel 
by W. A. Olsen 


Development work was done at No. 2 Open 
Hearth Shop, South Works of U. S. Steel Corp 
This shop contains fourteen 135-ton furnaces, and 
the area behind the furnaces is restricted: therefore, 
very limited amounts of stock can be added during 
tap unless the material could be added to the bottom 


7 hy ] be 11 
of the ladle prior to tap. Consequently, use of exo- 


thermic ferromanganese seemed attractive from the 
standpoint of addition 

Table III illustrates the chemistry ranges of the 
semi-killed and killed MAN-TEN steels produced 
and also the weight ranges of the additions 

The hazard of manganese floaters caused | i 
lal tion on the ladle botton s well know! 
ntlv, some balance between exothermic 


material and cold stock had to be determined. Since 


the exothermic material is a higher priced additive 
it was desirable to keep this addition as low a 
possible 


With semi-killed steel, additions of 2400 lb exo- 


thermic manganese with 3000 lb high-carbon ferro- 
anganese proved unsatisfactory as did 2600 lb of 
thermic manganese Variations of almost 2 pct 
Mn were encountered between the ladle test taken 
at the first 10 pet of the heat and the ladle test 
taken on the last ingot. However, 2800 lb of exo- 
thermic manganese and approximately 2700 to 2800 
lb of standard ferromanganese resulted in a satisfac- 
t chemistry balance. Manganese increased at the 


end of the heat with the exothermic manganes« 


practice and decreased wit 


The killed MAN-TEN, which had a similar cold 


h th tandard practice 


stock addition also had satisfactory chemistry 
performance 

When compa! the conformity to specifications 
of the two practices, the spread of manganese seen 
excessive. However, Fig. 5 shows that the « n- 


cies, besides being higher with the exothermik 


material, are generally more consistent. Therefore, 


with additional experience, manganese pe! 
ance should improve. It should be noted that the 
lowest efficiency of the exothermic manganese is 
all cases, greater than the lowest efficiency of man- 
ganese using the standard practice. It can be con- 
cluded that exothermic manganese definitely makes 
1eavier ladle additions possible without the err: 
chemistry performance usually encountered 


W. A. OLSEN is Chief Process Metallurgist, South Works, U. S 
Steel Corp., Chicago, Ill 


Table II!. Specifications of Heats for U.S. Steel Corp.'s Test Program 


Exothermic Practice 


Furnace Ladle 
Composition Addition Addition 
20 t 2800 to 3000 Ib 76 pct H.C 
t FeMn* 
t >. FeMr 
. 
mx 
* Weight represents pure manganese content 


Regular Practice 


Furnace Ladle 
Addition Addition 


FeM 1000 Ib 15 pct FeSi 200 lb 76 pet H.C. FeMr 


1000 lb 66.5 pct SiMr 

5800 lb 76 pct H.C. FeMr 

1000 Ib 15 pct FeSi 100 Ib 76 pet H.C. FeM 
1000 Ib 66.5 pct SiMr 


4500 Ib 76 pct H.C. FeMr 1100 Ib 50 pet FeS 
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aa 
IS 
but at an increase in cost 


HIGH-PURITY 


Calcium metal of high purity, important in the massive 


purity uranium, has been made by fractional distillation 


] 
process 


so prepared has less than 1 ppm Mg and is better than 99.95 


by W. J. Mc Creary 


a prog! 


i I 
is COT 


avallable at the 
roduced from crude 

distillation Tablk 
Susano 


rocedures 


the magnesium 

expected to transfer to the 

ng th rly stages of the distillation, 

n » obtain a product low in magnesium, 

vechanical separation of the condensed metal 


be necessary. In order to avoid this situation, 


ult 
process was carried out as a discontinuous frac- 
which 


condenser 


tional distillation, in fractions 


removed from 


successive 
were collected on a and 
the system 

The apparatus and procedures which are de- 
scribed in this paper have been in use in the Los 
Alamos laboratory for about six years and have 
used to prepare high-purity calcium on a 
not only for the preparation of high- 


uranium metal but also for many other uses 


been 
} 
SCalt 


purity 


Raw materials and apparatus 


The calcium that was used was produced by the 
New England Lime Co. and was redistilled at the 
Y-12 plant of Union Carbide Nuclear Co., Oak 
Ridge, Tenn. The metal was received in the form of 
small pellets 

The assembled apparatus is shown in Fig. 1. The 

W. J. McCREARY is with the Los Alamos Scientific Laboratory, 
University of California, Los Alamos, N. Mex 


ricated from Type 347 


oU In 


Vaives 


tort vnla } 
LO! Couia is 


lated 
l added 
to determine 
1 vacuum, and a Wallace 
gage indicated the 
The pumping 
mechanical pump and an oil diffusion pt 
Silicone 703 was 
pump fluid 
The condenser for collecting metal was fabricated 
from a 1 in. OD, 0.035 in. wall, Type 347 st 


system consisted 


used as the 


seal at the lid. The 
water-cooled copper cold finger 

A dry box was modified to receive the retort 
a distillation. The outer: 
made an air-tight 
box port 

A crucible of Type 347 stainless steel was used to 
contain the raw metal. 

A cylindrical baffle unit, consisting of parallel 
semi-circular plates, stacked alternately, was used 
to aid in reflux and to prevent lime dust from hit- 
ting the condenser. The baffle plates were spaced 
ly in. apart and were held in place by four vertical 
rods welded to the plates 

The retort was heated with a 5 in 
furnace, f 


condenser was cooled by 


“O” ring on the ret 


seal with a flange o 


ID x 24 in. long 
hinged for Since the 


furnace was designed for horizontal operation, the 


resistance opening 
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Pad 
NY 
PAE 
preparation of higi 
2 
7 
am to prepare massive high-purity ura- _—retort was fab stainless steel 
al by the reduction of UF, with calcium. tubing, 5 in. OD x Simm. long, with a plate welded Nag Bh 
it Ww sidered necessary that all reactants in the at the bottom and a flange at the t I ine lange Beer e 
process be of very high purity had two “O ring groves: one to seal the lid, and “ae 
The purest calciun t of this the other to seal the retort assembly to a dry-box ga 
program was tNnat I listilied The lid contained a sight glass and a vacuum seal 
metal by a single-s I is a that allowed the condenser to be moved at w ee 
typical analysis of su Details of the seal are shown in Fig. 1 ise 
The work of Le e sk in de- Saunders-tvpe mM Were rranged so that the ce <7 
tail the apparatus and pH of a single-step Bad 
distillation of calclum and was the primary refer- er i 
ence for the present rk 
Ir 
in t 
Cor 
an 
we 
Steel tube, with a plate Welded at the Ddottom. ine 
tube was polished to permit a vacuum-tight sliding rs a 


CONDENSER 


CONDENSER 


| 


Fig. 1—Apparatus for re 
distilling calcium at the 
Y-12 plant of Union Cor 
bide Nuclear Co. at Ook 
Ridge, Tenn. The process 
is a discontinuous fractional 
distillation in which suc 
cessive fractions are col 
lected on a condenser and 
removed from the system 


heating elements were embedded 
ne 


Table |. Analysis of Crude Calcium, Ppm ment to prevent the 9 whe 
nen pl n tneir sagging wn 


vertical position 


High vacuum used 


The crucible, containing about 1 kg 

was placed in the retort and covered wi 

plate assembly. After the retort had been cl 

with the lid assembly, it was connected t 
350°C to 


pumping system and outgassed at about 
a pressure of 0.024 Hg. The condenser was adjusted 
so that the lower end was about 6 in. above the 
baffle plates. The retort was then isolated 
was filled with helium 


from the 


pumping system and 
pressure of 1.5 to 2.0 mm of Hg. Temperature 
to 950°C, the pres- 


Table Results of Distillation of Calcium. Carbon and 
then increased rapidly to 850 


Magnesium Contents, Ppm 

sure being maintained at 2 mm of Hg. The progress 

of a distillation could be observed through the sight 
glass in the lid. Generally, a satisfactory deposit was 
formed in 30 min at the maximum temperature. If 
the deposit became too large, the outer crystals of 
calcium melted, and a solid shell formed around the 
difficult to remove the 


Fraction 


deposit, making it very 
When this occurred, the cold finger was re- 


metal 
away from the 


Cat moved to allow the metal to melt 
able no t m t 

ysis of Distilled Calcium Froduct, rpm condenser, after which the condenser was again 
cooled to collect a deposit 


ai Condensed metal in crystals and 


granules 

= ee fl When a satisfactory deposit had formed, the fur- 
nace was opened and cooled rapidly. The retort was 
filled with helium to atmospheric pressure, removed 
from the system, and attached to a dry box filled 
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Fig. 2—A typical calcium deposit from 
Ook Ridge distillation unit. The outer 
metal is in the form of long, slender 
single crystals, while the inner metal is 
in the form of smal! granules 


contact 


Cait it 
which were 
im and sealed 
clean condense! 
t was re-assembled 
eration Was 
made in one 
constan 
atrempt to increast obtain 
a multiple condense1 calciun 
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1. OD x 27 in. lon 
bottom 
iarge. Th 


nai\y 


condenser ports, each similar to that shown In 
and located so that by rotating the lid any one 
could be aligned with, and lowered int 
lower cvlinder. With this apparatus it was pos- 
to collect four separate fractions without cool- References 
retort. However, the i aban- 
ry difficult to rotate 


the lid without leaking air into the system 


bv this method was m 


calcium reported in the 


In general, six to nine operations were 
to distill the original charge. A small amo 
metal was lost by condensation on the uppe! walls 
retort and high up on the condenser. Some 


material was in the form of finely divided 


= 

4 
will nert gas for unloading: a typical deposit is metal and, if allowed to come into GMM with ai! pee. 
hown in Fig. 2. The oute etal, in the form « t would burn with explosive violence a 
long, slender, single crystals, attached at one end, An operating pressure of about 2.0 mm of Hg was By 
Was easily removea with pliers The average size considered to be optimum. At pressures below this ae ; 

I ese crystals Was 5 x 0.7 cm. An inne iavel I the deposit consisted of finelv divided ana very re- fh 

metal was in the form of small granules and was active metal. At pressures above 2.0 mm the distil- ae 
lv removed. An ave! 

aisO easily emoved. An average deposit contained lation rate was considerably slower and the metal ae 
ibout 10 
rew 
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the bl Il 
above 
i] essen- 
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“ere 14 7 saved. AMMMsis of the inner layer of calclum from 
a J cvlinder welded eccentric ¢ 
the first fractions indicated a magnesium content 

o it e lower cylinder contained 

+ in 3 — as high as 1 pet. The composition of the inner layers a 

he cl 1e upper cylinder was sealed f lat tiallv tl th 

ror I actions was essentially the sam s th oa 
with evlinder flange. The lid had rom tater traction Vas ¢ € ally ine ame a 
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um content of the calcium produced 

much lower than that any 
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DUCTILE VANADIUM 
A New Engineering Material 


liscovered in 1801 and used as an alloying element for steel 


s of this centyu j was produ ed n the pure torm tor 


A semi-commercial process for producing vanadium 
intil 1950, and today research efforts are being extended 

potential market for this new metal. 


by T. W. Merrill 


ANUEL 


mportant c 
Sel 


res Nave been 


USSR, A: 


vanad 


ava 


+} 
eactive should n 

applica 


Extraction methods 


The method most widely used 
as the pentoxide V.O,, from 
he roast-quench-leach 
and roasting it with sodiun 
and hearth furnace at 1500° to 1560 
soluble sodium metavanadate, NaVO 
lowed by quenching the h re in water 
Sources of ores ash solution, which is then carefully adjusted 
The most i ! vanadium o1 known al acidity with sulphuric acid to cause precipitation « 
Hemisphere. The odium hexavanadate, Na.H,V,O 
yanadinite. and patroni There is a complete separation of uranium and 
vanadium when both are in solution. Very conven- 
nortar } . ot \ it has iently, the sodium hexavanadate and the sodium 
ire found ir important amounts in Colorado, Utah, uranate precipitate from the solution at differen 
Arizona. and New Mexico, but also because of its levels of acidity. Modifications of this method are 
being studied to increase recovery and to lowe! 
costs, but this time-tested process is still the most 
widely used 


T. W. MERRILL is Director of Product Research, Vanadium Corp 
of Americo, Cambridge, Ohio 
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— 
nce the ea 
tras not devs 
to widen the 
ynstituent, uranium. While vana- 
discovering vanadium in 1801. Choubley. Director Spain, the HI-gentine, and particularly Peru 
f the steel works at Firminy, France, is said to have by far the largest tonnage is mined in the US 
been the first to add vanadium to steel as a harden- Peak world vanadium output has been estimated 
ng element, although the armor plate he produced it about 4500 metric tons in 1943, excluding that pro- 
n 1896 was apparently not up to present standard luced in the USSR. Consumption was largely in the 
In 1905 Antenor Patron, a mining engineer fron form of ferrovanadium. In the US the demand fo: 
Lin Peru, discovered a new mineral, the first com- vanadium alloys and chemicals has not exceeded the 
mercial ore, high in the Peruvian Ande The dis- ipply for the last several ve: primi y due t 
: covery of re containing the mineral bearing | the demand for uranium 
name, patronite, was the origin of the vanadium in- P P 
lustre. Title to the deposit was secured by the  Ee¢onomical recovery from residuals 
Flannet t thers, wl formed the American Va There are several other sources Ofm;4€é£_£_siium that 
nadium Co. Later, this company was to become thi may assume importance should the demand be- 
Vanadiun Corp. of America come great enough. These include asn fror petro- 
In 1927, Marden and Rich announced productior eun riginating in Venezuela, the Netherlands 
; f 99.3 to 99.8 pct vanadium metal in the form of West Indies, and certain parts of the US; slags from 
F juctile globules or shot. In 1939, Van Arkel pro- blast furnaces using any of the vanadium-contain- 
duced metal of higher purity by thermal decom- ing n ore such as those from Chile: and the 
pt tion of the iodide pnospnate OcK OT Idaho and Montana 
It was not until 1950 that McKechnie and Seybolt Although percentages of vanadium in oi iro! 
at the General Electric laboratories developed a re, and phosphate mm are small, immense quan- 
method of making pure vanadium in massive forn tities might well be mammmmmmmmilable, if economical 
n quantitic sufficient to permit fabrication int recovery processes were developed. It can be said 
Da plate id, wire, and foil now that such prospects appear encouraging. The 
We are now in the exploratory stages of studying point to be made is that, when and if demand f 
this new ductile metal to find its proper place in the juctile vanadium increases. sources of supply 
growing family of 1t lag far behind 
commercial producer 


When iried, 


KNOWN as ‘ake 


sodium hexavanadate mr 
It contains 85 to 90 pct V.O., 
to 10 pet Na.O, and about 3 pct H.O. Further cher 
ical tre n f 1e red cake results in the 


oxida 


Cake 1 


+ + + 
naication tna 


Bec ause 


>t ail 


Calcium reduction 


The best kn rocess, 


i Seybolt. This 
Vanadium oxide, 
heavy-walled steel 

ial precautl 


The reaction 


oxide-calcit 
button or regulus 
and the metal 
slag by leaching. / ypical analysis of the prod 
is: 99.7 pet V, 0.10 pet O., 0.04 pct N., 0.008 pct 
0.04 pet Fe, and 0.03 pet C 


Magnesium reduction 


Two years ago, Messrs Foley, Ward, and Hock 
of Magnesium Elektron Ltd., in England, announced 
the start of a pilot operation producing 40 to 45 lb 
batches of vanadium. Their process is the magne- 
sium reduction of vanadium trichloride in an at- 
mosphere of argon at a temperature of 1550°F. The 
reduction step is similar to the Kroll process pres- 
ently used to reduce titanium tetrachloride to ti- 
tanium sponge. The physical nature of the vana- 
dium product is similar to titanium sponge 

Probably the most difficult part of the process is 
the production of the vanadium trichloride. Foley, 


Ward and Hock chlorinate 80 


produce vanadium tetrachlori 


ferrovanadium to 
and oxvtrichlori 
T} trachloride is converted to the trichloride 
stream of 
oxytri 
be separated from 
excess 
yy heating under 
leaching. A 
o be: 99.7 pct V, 
H.. 0.01 


0.005 


pet Fe 


Hig 


ihe purest 


hest purity refining 


oV 


xyvgen, nitroge 


iodine vapor 


crystal high 

tal. A typical analysis is: 99.9 

O., 0.0005 pet N,, 0.0002 pct 0.005 
0.005 pct C. Not enough is known 

this very pure form of vanadium—ex- 


strength—to say whether they 
different from those of the some- 


it nevertheless, ductile metal 


complete the vanadium 


years is made 


rocess, 


which is used to produce 


vanadi and is relatively high in oxygen. If 
content of the metal is raised by 
he oxygen content can be low- 
10 pet. While not in the least 
metal is relatively low in price, less 

It can be used as the source of vana- 

for some vanadium-base alloys. refining 

ight perhaps be developed to make 
at a reasonable price, and much 


given to this possibility 


0 


Melting and refining 


Neither the regulus resulting from the calcium 
reduction process nor the sponge from the magne- 
sium reduction process is a suitable form for hot 
working into useful products. The vacuum-arc, con- 
sumable-electrode, cold-mold, re-melting method 
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AG 
ly 
b 
re 
For the reduction of alloys by smelting, red 
fused and cast into flake form 
Reduction methods 
Vanadium’s comparatively recent appearance as 
a pure metal is a good its reductio1 
} I LO! 
is not easily accomplished. the term pure 
etal is becoming less the tims 
more accurate to sav duc le metal. Until recently 
it been Delleved that vanadium was a brittle 
metal, and therefore I jittie use as a constructiona 
laterial. Now, however, it is apparent that a differ- MEE vanadium yet produced results from a aa 
ence In purity of oniyv a few NhundreatNs of a percent reining process credited (Milan Arke The process 
nines whetner vanadlu is Drittie o 1u begir with the metal rather than the oxide, halide 
From the sta point of ductility the most critical ther compound. In most of the work done to re 
impurities are xygen, nitrogen, and hvydroger A late, Vanadium the purity obtained Dy one ot! the on 
sultable redaucti process, then, 1s determined processes described above has been used. This fact hae 
ettec by the levels of these elements in the result- plus the nature of the process, wlll give a hint of a 
ing metal the cost of the resulting product = 
Vanadium combines so readliv with xVgen ana r t Val | n tri-lodldae mea Dv reactli! 
nitrogen that a metal that Is even more reactive line vapor and vanadium metal in a heated and x. 
Ss required to accomplish a complete reduc I evacuated chamber. In the center of this chambe! eos 
Vanadlu Ox1a¢ Carbon, 1icon, r aiu Inu a wt ade of qua Z or pyrex giass In the lab- 
be used as a reducer to produce ferrovanadium, but atory apparatus, is a loop of fine vanadium wire a 
lrabdi€ residual al ul Ol ri¢ reauce ait eatlead ncanadescence OV electric A rit 
et! n the alloy. Only caiclum Nas been used suc- vaporized vanadium iodide breaks down into vana- ae 
ce oO reauce ne U 1un netal ana iodine when it comes in contact 
purities sufficiently low so that the metal is ductile with the hot wire, and the metal is deposited on the ie oS 
There are presently four way to make Vanadlu wire The filament slowlv grows in size in this way Bet Sh 
metal. Of these oniy two are used commercially A until 1t Decomes times lits original S1Z¢ Re- 
hird is a rather elaborate and expensive ways fining is accomplished because most of the undesir- ve 
refining the metal to the present extreme of pul \ } mpurities. parti larly OEP), an <3 
adie Impuritk n, and 
iow cost but Drittie metal of relatively iow pu extent under these nditior 
The final 
purity vat 
t V. 0.01 GEOR: 
and the one used in this 
country, is the cs I e oxide as 
aevelioped DY VicK consists 
Ot Charging pure metal, 
‘ are signincanutly 
and iodine into ider o1 
what 
bomb, and taking liminate 
moisture in the charge. initiated by 
the application of heat. Verv high temperature and Commercial 95 pct vanadium metal Ree 
ne application of hea ery high temperature and Ba 
¢m allner maiten Araniat wanadium ¢ ollect 
the en dropl vanadiu collect metal, it be pointed out that a brittle form, 
na analvzing as high as 95 pet \ has been produced ie =i 
g commercially for many by the 
rf +} 
ict fer! ‘ie 
H 
the 
cna 
erea 
auc 
tha 
TT 
diu 
nro 
met 
Le 
thought is being 
rat 
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Fig. |—Apparatus for calcium reduction of vanadium oxide 
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Mg Clo 


tor re- 


ngots. For 


cak lum-redut ed 


alit 


electrode 


advantage of 
ogen as the 
electrode 

i evacuated 

As an exan 

reduced rez \ 

ing and 0.04 p t n 
Vaccum induction 


remelted ingo 
of vanadium is feasible 

but not t think. The diffi- 
attacks most refrac- 
the metal with oxy- 

gen “ating th t crucible. Bervllia and 
thoria are th y refractories said to stand up 
under the attack of molten vanadium. It 


sible that these rather expensive materials might 


seems pos- 
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MO LINER 


HEATED 
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Fig. 3—Apparatus for refining vanadium by decomposition of 
vanadium oxide 


Fabrication of vanadium metal 
Vanadium of ] 


reasonabl is di 


considerably 


suitable slag 


u illy 
l oxygen 
workability of 
Precise tolerances for 


determined 


Mill products being rolled 


The malleabilitvy of vanadium 
severe cold working operations 


netal has been 
demonstrated by 
Foil less than 1 mil thick has been rolled without 
Wire of less than 15 mil 
diam has been drawn—and we expect it can be 
drawn to finer size. Wire rod is cold swaged without 
difficulty. To our knowledge these operations have 
been carried out only with relatively small ingots of 
vanadium. The problems of handling larger ingots 


intermediate annealing 


fame 
| COPPER if 
, GASKET 
“Ud 
LIFTING LUG ee 
ne ed tir le > n by! 
aa ON i€ss expensive cCrucidies 
iower costs, but too few attempts have been made 
fay var} hay hy ; ] 
sO far to Know whether this Is practicable When 
meited in a graphite crucible, vanadium picKs wu} 
carbon trom the crucible The amount can be a 
much as 4 pet. With larger melts, carbon pick-up 
apparently can be held below 1 pect 
Non-consumable inert-atmosphere, arc-melting 
of vanadium is used, but the method is considered 
ee to be less desirable than consumable-are vacuun 
meiting. 
“Se. ictlie and can 
oe be hot worked easliv. Even In tMis stage, however, 
Vanadium met equires special handling. The out- 
; standing difference in forging or rolling between 
PIRAN! 
- Vanadium and iess reactive metals is the ease and 
GAUGE 
; ; a) rapidity with which vanadium oxidizes at tempera- 
> tures necessary for these operations The oxide that 
ai hf forms when the metal is heated is V.O,, having a 
i | meltir point of about 1225°F. Below that meltir 
neiting point of about LOW na me ing 
i} | point, the oxide formed on vanadium and its alloys 
i | is tight. adherent, and self-protective. Above that 
~ melting point the oxide forms rather rapidly and 
a runs off the metal. By alloving vanadium with ti- 
: tanium and other elements, oxidation resistance lis 
4 improved somewhat, but not as much as would be 
3 | 
eo Three approaches have been made to this prob- 
lem of oxidation during hot working. The simplest 
Fig. 2—Apporatus for magnesium reduction of vanadium trichloride is to heat and hot work the metal quickly, letting 
the oxide drip. Sheathing the metal in mild steel is 
ID, 
a neater system but HI more work. Pro- 
appears to be the most satisfactory process 7: tecting the metal in a EM during heating 
has been encouraging, and this may prove to be the 
rela Vveiy all-sCale Line 4 r h rl 
K most practical method for hot working 
buttons are cut into approximately tl 
. ; “rt ximatel, Experience so far has shown that once the coarse 
ed ogetnel ena o-end iOorm an as-cast structure of high-puritv vanadium is refined 
] ] +} } ++ 
ial Cait’ i? At LOT I be } ] 
by hot working, the metal is quite ductile and can be 
oined together by welding to make a larger elec- 3 
: ‘ > . > 2 cold worked with ease. Initial forging temperatures 
trode. Sponge of course, is pressed into an elec- T } ] 
urse, of 2100° t juired. The levels 
trode 
of impu! ind nitrogen, ap- 
: pear to de e metal, both hot 
and cold npurities have not 
yet ben 


have not yet been faced. The oxidation problem 


assuming sufficient puri 


been 


be the major one, ag 


Vanadium-titani 


1es forgeable eleven binary 
Rostoker, when the 
exceeded 1 pc Addition of 0.5 to 
i] has been 
iably 
ucture during 
have been found 


1ount of the third element 


lloys 


ductile vanadium 


pure form vanadium 


yrocess ) 
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Lem pe 


15.000 


ross-section, 
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Corrosion resistance 
Another property of special 

rosion resi vanadlt 

ivdrochloric 

as any m tal an lun l withst id rat salt- 

water attack better than most stain] tee] but 

caustic soluti 

stand dilute o1 
Vanadium hi 


0.22 lb per cu 


itrated nit: 
density of 

which is 22 pet 

and 28 pct denser than titanium. Coefficients of elec- 
trical and thermal conductivity are both i 

} 


sher than those of titanium. The elastic 


of vanadium at room temperature Is of rder 
20,000,000 psi; this is substantially better than that 
of titani 
The formability and unusual diffusion characteris- 
have 


to the use of sheet as a 


h titanium 


ductile vanadium resulted in serious 
given 


diffusion barrier when cladding steel wit 


tics of 


consideration bein 


Properties of vanadium alloys 


From the present point of view, the wider spread 
in properties of vanadium-base alloys seems to offer 
a greater prospect of than the 
It must be admitted that comparatively little 


application pure 
metal 
has been accomplished so far in the study of alloy 


combinations, but some 21 binary systems have been 


examined at least briefly. It was found by Rostoker 
that 15 elements have appreciable solid solubility in 
vanadium. Only few of these alloys are forgeable, 
reviously 


as mentioned } 


Vanadium, with titanium, has the most 


the several binary systems 


illoved 
are alloys contain- 

which have 100-hr 
1200°F. This is con- 


itanium alloy yet 


stress-to- 


ly 
Valles Ol 1 at 


ductility 
which 


excellent formability. They > single- 


substantial 


se alloys have very 


flow-stresses at room tem} ature 


should have good we 


it 


some interesting 


carbon in vanadium is 


m-carbon alloys where wea! 
is Important 
alloys presents 

than for such metals 

The rea- 


that 
that 


lvbdenum 

are refractory oxides 
withstand attack by molten vanadium sat- 
Graphite molds might also be used for 


urpose 


ductil n now be 
duced from readily ; ilabl ! in tches up to 
One o1 


O iarge-sCaie 


45 | elther of two rocesses 
processes can Dé adaptea t 


ld the demand ari Remelti 
» those used for 
refore they are reason- 
case with reactive 


particulariy io! 


U1 


the 


llaving 
ALON itis 


Strength-to-weight rat at tempera- 


lus good formability, appear 


properties studied 


few years ago ductile vanadium was sold at 


lars per pound, reflecting the use 
More recently. 


} 
tv vanadium has been 


ry processes 
as manufacturing processes have been improved anc¢ 
production has increased. At the same time there has 
and quality 


been rovement in the purity 


the metal, and an increase in the numbe! 
and shapes commercially available 

Effective Apri vear, calcium-reduced va- 
with 99.5 pct minimum vanadium 
available in irregular button form 
producing plant 


nadium metal 
content became 
at a base price of $40 per lb f.o.b 
Smallet spec shapes 


quantities and forms and 


command higher prices 
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gx 
4 
may 
to | 
be 
the only 
vestigated 
second e! 
econd ele interesting } 
l pct C ‘ that have bee cam 
found to ng 5 20 oe, 
ing 09 to < 
the refinil rupture 
ing. Some siderably bett eve! - 
forgeable, but the an is oped. The | By, 
usually limited and low Aen 
only by protecting the molten zone of the weld from phase and iy |\ding characteristics jes 
he atmosphere. Methods such as Heliarc welding Chromium, aluminum, and zirconium show promise es 
have been used. Welding in an inclosure having an as ternary alloving elements. Such alloys might be eet 
inert atmosphere such as a dry box—is the most considered for airframe construction of high-speed aa 
satisfactorv method. alrcralt 
‘ Vanadium-carbon alloys present 
roperties o possibilities. The solubility of == Na 
— very small—so that tl ‘al 1 exists as fine re. 
In its Ds is soft and ductile. Its — hat the carbon exists as a fine, and 2 
strength—quite sensitive to interstitial impurities intimate, mixture of very hard carbide in a softet Fie 
¢ 9 matrix. These alloys retain significant strengths up 
varies from al 30.000 psi in the purest form (as retaln lignincant strengtn 
produced by the iodide px tcMER® psi in the » 1100°F. There would seem to be the prospect of Be \e" 
commercial form (calciu van- applications for vanadi 
adium retains its strength unusually well at elevated resistance at elevated ae 
At 1650°F its strength is still about 
i. This property should be useful possibilities that appe 
psi his property should be useful, particu- e abe? 
larly at temperatures below the melting point of its Ss oe ive 
oxide (1225°F) — 
There are other properties of ductile vanadiun parently Bileiner © 
here are other properties of ductlie vanadium 
that deserve special mention. One is the relativel) 
low neutron c 5] this 
low neutron 5.1 barns. This is lowe! 
than that for titaniurmm, manganese, tantalum, tung- 
sten, zirconium, magnesium, and boron. Much in- Summary baie rr 
terest has been stimulated in use of vanadium in $ ae 
nuclear reactors as a fuel element cladding mate! ial ; — 
: 
Its failure to alloy with uranium and good thermal ples yet 
id to be the important 
conductivity are said to be the important considera- Baek.) 
Lions. 
fabrication me 
other reactive 
aDly well adeve 
rota) rity 
metals, impurity 
oxygen, nitrogen, hydrogen, and carbon Hees 
Pure vanadium is soft and ductile, has a relatively oh 4 
low neutron (Mon, and excellent corrosion 
resistance, but sm metal oxidizes readily above be fe 
1225°F. Titanium appears to be the most promising Nae 
Mmmm element for improving the strength of ee 
vanadium-base alloys, both at room and at € levated re 
temperatures. 
‘ 
tures up to 1200°F, to 
be among the outstanding thus 
fey 
ial 
Just a 
several hur 


with metals for less. if vou 
he-minute on vour metals know-how and 
ww-why. Competition calls for the most efficient 


use of metals equipment, processes for correct 


design applications 
You can meet this challenge by attending the 


Cleveland Metal Show and Congress. You will see 


hundreds of operating produ tion-saving displays 


Metals, tabric ation tec hniques, processing methods. 


testing and inspection — all these and more will be 


excellent space 
Make It Bette! 


able now — rite 


con- 


Hall for 


Public your 


assembled in the vast 


Venient inspection 


You will want to hear the scores of technical 
and practical sessions that @ and the cooperating 
groups will present, featuring experts on new achieve- 


ments in metals. In short, this is vour event of the 


vear in metals you will use the ideas you pick up 


at the Metal Show all vear long to save time and 


money for vou and vour firm 


we s Will 

in this great Metal W - 

* Metal Show are avall- 
for Less + 


or wire fol details 


NATIONAL METAL CONGRESS and EXPOSITION 


Owned and Operated by the 
7301 


Cooperating Activities: Institute of Metals Division 

Iron and Steel Division Extractive Metallurgy 
Division of the American Institute of Mining, Metal- 
Engineers Society for 


lurgical and Petroleum 
Associations present- 


Nondestructive Testing, Inc 
ing technical sessions in cooperation with @: Indus- 
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AMERICAN 


Euclid Avenue 


for METALS 
Cleveland 3, Ohio 


SOCIETY 


trial Heating Equipment Association; Metal Pow- 
der Industries Federation; Metal Treating Institute; 
Special Libraries Association, Metals Division; and 
the extensive programs of the American Society for 
Metals with the new Bill Woodside Memorial Ses- 
sions, and @ Metallurgical Seminar 


ae 
SES 
: 
{ SS 
SS 
: 
= 
ES 
= 
Octo 
: 
You 
ire uy 
kno 


AIME OFFICERS: 


8. KINZEL 
PAST-PRESIDENT—GR 


OVER J. HOLT 


PYLE 


VICE-PRESIDENTS—ret BABSON, L 
t sor KINNEAR, 
A. W. THORNTON 


TREASURER 


AIME STAFF: 


ASS'T. SECRETARIES—.. @ 


FOX, W. SHEARMAN 


N. APPLETON 


ASS'T. LYNCH 


FIELO SECRETARY ASS'T. SECY.—f. £. O'BRIEN, 
? NEWHOUSE BLOG., SALT LAKE CITY 1, UTAH 


AIME Electric Furnace Steel 
Committee Enlarges Scope 
To Include Ferro-Alloy and 
Calcium Carbide 

Production 


et in Pittsburg! 


I n-neart! lurnace operat 
The AIME Electric Furnace S ] and metallurgists 1 


es of AIME. From a 


p ne annua! 


The curtain w 


+} 


ise on the Control of Im} rities in El 
in Min- } in 


Outstanding Rocky Mt. Conference Planned 


nic tour is planned November 1 
onwood Canyon P 
The deadline date fi ib- 
The Honorab! George D. Clyde, mission of abstracts for IMD 
Governor of Utah, will give the sessions at the 1959 AIME An- 
opening day welcoming address. At aual Meetin February 15 % 
the minerals luncheon on Thursday, Sen Francisco SEL 
will be Howard C 1958 
Pyle AIME. Host 
Plant for the conference is the Utah Sec- , should be 
educa- tion C. Cole hairman. The thi 3) copies to 
Woman's Auxiliary th Mrs. Ralph 
h 


the guest 


between 200 t 


; IMD Programs Committee, 
The Metallurgical Society 
chi of AIME, 
During Conference, the Board 29 West 39th Street, 
il sts of Directors of AIME will meet, as New York 18. New York 
ym; Progress in well as the Board of Direct f 


No photographs, diagrams, 

‘ations in Prox essing The Metallurgical Society ana of the or tables should be included.) 

Cobalt Ores: Effect and Society of Mining Engineers 


Tuck as chairman, has prepared t 
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©. CLKINGS ~ ‘ke 
- 
existed. Literature dealing with the mous in their relationshit AIME aa 
design, operation, and technology ot The records of their meeting—the = 
a lurnace nan tor the pro- echnical papel ana e ¢ cu I 
juction of steel ant and scat- hat follows—become a permane be 
terea AIME (¢ nfierence tecn! pal I I id ature | 
wil be applied to this probien teel-making U ugh the publicatior 
T forar technia had it f annual proceedings by each of the ek Aue 
This conference technique had its f annual proc 
. n in April, 1925, when a group three Conference groups Bee 
Electric Furnace Committee in ac- Tigra 
‘on t tio! t eptiu non-stee uses the elec- 
f fe - ind calcium carbide relatively small groupe tric-are furnace as an integral pa aes 
within its te I i pe, according National Open Hearth Steel Confer- or the reanizauon aS seeugiiiceu ae 
to an announcement |! le by Victo1 ence has increased steadily in size his as a logicai ! ve. Arc furna 2 
E. Zang, Committee Chairman. Here- as the benefits of conducting techni- ana submerged-are furnaces In pal al 
totore tne Elect Furnace Steel cal meetings at an perating ievel ticular, are used n niv t& ne me 
ee na been concerned only proved n iccessful in aadition manula ure Ol al ana al 
with the f iu n of steel in elec- to the National Open Hearth Steel clum carbiae, but ai ior | wee 
foren ) rus son Sp I racto 
tric-al furnace In recognition of Conference, annual conferences are pnoru me peciai “he 
Te! ; Ia rt } +} 
the change, the term steel has been also conducted by tw ther AIME and abrasives. Participation these Bhs 
pped fro! the mmiuttee name groups tne Bla Furnace Coke grout IS anticipatea 
The need f i continuing and Oven, and Raw Materials Committee The objective f representative aa 
entra ition f jiscussion of and the Electric Furnace Steel Com- of the major mnufacturers of ft - Fr es 
probvilel I com! I nterest to mittee These committees are self- aliovs caiclum cCaroilat in ¢ 
ferro-alloy manutacture! has iong perpetuating ana are semi-autono- ganizing the Special Arc G pis t Rp 
advance the ecnnoiogy Ol © 
eration of electric-are furnaces D} 
stressing the practical rathe an 
ectroltytu the highly theoretical. Solutions 
Fifth Annual Rocky Mou jus othe operating problems confronted on a es 
era Conference be staged 1n Sait specinic subjects dailv basis be considered ratne! 
Lake ¢ September 17 to 19, with Tours will be made to Kennecott than detailed techniques a 
tecmmMical se n pe Research Laboratory, the Bureau of 
al Se is on current engineering Mines, the new ator eactor at the 
an a im on moa University of 
> 
ern managemel! + 
On the Dill are fie 1 trips an Be tine, 
4 +, +} +} moc 
oO ade rate € 
on ind a program 
ladies that will top the list « a ae 
even 
on 
The general chairman, A. . gi 
has arrangea a variety ol ioe 
complete with pre-session m ie 
The Copper Ne vork ana 
Geneva Coa Preparation a 
inere Willi De a 
tion in mineral engi! BY 
f t t 
place of automatio! 
industry, combined an 
: 
progran ot mineral 
Atomi Fuel t 
For Power 
1 SI 
Oil Shale; 1 
end 
Nickel and 
x 


Leo F. Reinartz 
Scholarship Awarded 


Jol n WwW 


Kersting of Bethel 


J. H. BRENNAN 


Frank J. Tone Award 
Announced 


Fall Meeting 
NOHC, Southern Ohio 


Deshler Hilton Hotel, 
Columbus, Ohio 


tr 


gistration for v1 
30 am on Friday, Oct. 3, 1958 
MORNING SESSION Wel- 
1 Remarks will be made by 
Sammet, Supt., Open Hearth 
Steel Corp., Ashland, Ky 
Cha I Southern Ohio 

of N¢ K. C. McCutcheon, 

» Steel Corp 


\ 


i 


JHC 


Thorn- 
cme-Newport Steel Co., 
< Effect of Fast Hot- 


by 


Middletown, Ohio 

the AFTERNOON SESSION 
the Chairmen are Richard Thorn- 
Acme-Newport Steel Co., 
Tom Burney, 
Middletown 


Energy Commission 
e Medal will be pre ented 
3rennan at the annual award 


berry 
Newport, Ky and 
Armco Corp 
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Park, 


High-Pre Natura 1 

Curtis, Arn S 1 Cor Middie- 
town, Ohio; Control of Open Heart 
Heat Weig 

U.S. Steel 

ress 

by MacBetl 

Corp., Midd 

oft St 


NOHC 
Tennvys« 


Board of Directors 
Endorses Columbium 


T 
of Direct 


ong standing 
in the Oc- 
195% of JOURNAL OF 
METALS (sé Threw the Mon- 
ke ywren } } 
p 1350) 
Board that 


} 


Daliance 
the 


Member! of 


some tu 

n, and the 
ous results of some nineteenth 
tury resear 


laid to res 


Italian Metallurgical 
Society Meets 


The 8th National Congress 
Italian Metallurgical Society is to 
take place from September 21 to 24 
in Torino will include technical 
sessions plus visits to the FIAT plant 
in Torino, the COGNE plant in 
Aosta, and the Olivetti plant in 
Ivrea Address of the society is 
Associazione Italiana de Metallurgia, 
Via Moscova 16, Milano, Italy 


: 3 
meeting which will be held in Ni- Ohio. Papers to be presented are 
| 3 agara Falls on November! 19 The t I Fuel With 
presentation will be made by Loren 
me = W. Smith. chairman of the Niagara 
ae ‘ Frontier section 
ishing Meittd on ict e bv Oswin 
= ps Pa., I been named the 1998 recip- Eyre, Armco Steel Corp., Ashland 
J ient of the Leo F. Reinartz Sc} Kv 
! Phi be the fourth yea Social events of the meeting will 
that this award has been made for a nclude a luncheon and dinner on 
Scholarship at Carnegie Institute of Friday the 3rd of October as well as 
Re et rormaas Pre sident ol the game on Saturday Toastn aster at 
anstitute the dinner will be V. W. Jone Na- 
at st tional and the 
John W. Keret spt akel Is Dr Guyver of 
ing CIT this autum He is an 
Joseph H. Brennan, Chief Metal- eminent cholat receiving in his 
: ( Div f Union Carbide Corp tive Merit Certificate. Summa Cum 
Niagara Fall has been named as Laude, in a nationwide Latin exam- 
recipient of tne Frank J Tone Meda nation In hi eT I vear he re- 
Award. The Meda iwarded an- ceived the Bausch & Lomb Honorary The Board MEMMMors of the 
‘ nually t the Niagara Frontis Sec- Science Award and the Certificate Institute, at its last meeting passe i 
tion of the AIME. The announce- f Merit in the National Merit Schol- a resolution endorsing columbium as 
ment was made by Loren W. Smit! irship competition. graduating from the proper name for the 4lst ele- 
‘ A tant Vice President, Symington- high chool valedictorian with an ment. This action is in opposition t 
Gould Corp., Chairmar f the Jury A” average the International Union of Pure and 
f Medal Award John W. Kersting seems destined Applied Chemistry and the American 
| The Medal was established in 1956 for higt sch astl achievement at Chemical Society bou ot whic! 
4 by F. Jerome Tone and Franchot Carnegie Institute of Technology have endorsed niobium as the right- 
fone to honor the memory; fr the JOURNAL OF METALS and the Metal- ful name 
q father, Dr. Frank J. Tone, pionee: lurgical Society of AIME wish him 
ndustrialist of the Niagara Frontier well 
It i awarded t i person who na 
| made outstanding ind important 
mtribution t tne sclence and 
mu ‘resident ith ‘Nia ara 
must be a re lent of the Niagara 
Frontier community ieee proper name, and since 
Mr. Brennan was born in Minne- it is referred to commercially a 
apolis and attended the University of columbium, both historical propriety 
Minnesota After erving two veal ana the of equities Was in 
as an analyst with the U. S. Bureau favor of .. columbium 
of Mines, he joined the Electro Met- Re fe of the Institute are 
illurgical Co. as a chemist in 1920 be al urged to adopt the name columbiun 
Mr. Brennan has been connected At if they have previously used nio- 
with the ferro-alloy industry during con bium. This particularly applies to 
J I entire careet! He holds more r. G authors who are presenting papers 
‘ than a dozen U.S. patents n the Art at meetings or preparing papers for 
purification and production of meta whe publication, as it is only by absten- 
ind allo, ind several time that Sect tion from using the term niobium 
: number of foreign patents. His ex- Cons te, be 
: the whole field of ferro-allov pro- Abr i. Session chairmen are O. V cen- 
duction Mr Brennan i the Ireland, Armco Steel Corp., Middle- inally 
inventor f a proce for treating town, Ohio, and T. J. Murray, Arm- ee 
1 low-grade tung ten ore which wa co Steel Corp., Ashland, Ky. Papers 
ised for the larger part f America to be presented are Basi Quality 
} production during World War II. He Semi-killed Steel by Frank Williams, 
collaborated n the de oT construc- Armco Steel Corp., Ashland, Ky ° 
tion. and operation of the cobalt re- Capping Practice Rit ed Steel 
i finery whic! ipplied most of the Survey 
} Mr. Brennan has served as a con- Newport, 
ultant to the Nationa Researct Metal Addition on Heat 
Council on the design of processes George Reisenbers Art e] 
' for complex rare metal ort and 
‘a was associated in a consulting capa- 
city with the Manhattan Project and 
the At 
The 
to Mr. I 


AIME 
BOARD OF 
DIRECTORS 


Recent actions taken by the 
Institute Board of Directors 


Kirkendall has been ap- 
one f the AIME Pension 


Borcherdt and Otto Herres 
lave been reapp nted as 


ntatir for two- r tern 


van ven wi appointed 
AIME representative to the Annual 


up for 
selection of AIME representatives on 
ECPD standing and inspection com- 
mittees. Recommendations for ECPD 
appointments will be made by co- 
operative action of Societies, Coun- 
cil of Education of AIME, and the 
Board of Directors 


Mid-America Minerals 
Conference in October 


The Chase Hotel, St. Louis, Mo., 
will open to the Mid- 
America Minerals Conference on Oct. 
23 to 25, 1958. Among the many ses- 

i i following wil 


sions scheduled, the 
be of interest to metalsmen 


aoors 


A Minerals Benefication Session 
will be held on Thursday, Oct. 23, 
1958. from 9:00 to 12 am. The 
Chairman will be R. H Lowe, 


AIME 


tion tour to Hawaii for ten days of 
sun and exotic entertainment after 

the Annual Meeting in San Fran- 


cisco. A special flight on February 


tours fill the week's itinerar Trans- 
pe rtatior plane mousine and 
boat 1X s hotel accommoda- 
tior n Hor ilu na, and Coco 
Pa Ss spe i neon ana din- 
ner ind 1e% ea progral! are n- 


ige ire ern where 
guests i F 4 nd Sat- 
urday, sieeping iat tak i dip 
An after: tou nciuae Hono- 


Joseph Lead Co Leadwood 
M 

9:30 Le hing fron Zit 
Cc ent r Norman Hedley 
and Howard Tabachnick 


Pine Virgil 
Pine Copper Co 

11:00 Bulk Solids Flow Andrew 
Jenicke, University of Utah 


A session on Extractive Metallur- 
gy will be held Friday, Oct. 24, 1:30 
to 4 p.m., chai ned by H 
Bianco, Lead Smelting Div. of 
Jost ph Le ad 


1:30 Developments in Cooperative 
Zinc Research: John L. Kim- 

berley, Executive Vice Presi- 
dent and Secretary, American 
Zinc Institute 

2:00 Nickel and Cobalt Extraction 


Freder town 


R. M. McCormick, National 
Lead Co 

2:30 Mechanical Charging of Hori- 
zontal Zinc Retorts: B. F. Buff, 
General Superintendent, Na- 
tional Zine Co., Bartlesville, 
Okla 


ssouri 


Plan Now for Hawaiian Sun and Sand in February 
AIME announces a post-conven- 
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seeing begins with a 109-mile drive 
around the island of Oahu. Histori 
Site tne Morm« Temy é Pear] 
Harbor and lus! pineapple fields 
iighlight the da Tuesda gain is 
free, and Wednesday the group flies 


Palms Hotel, and Friday morning a 


to Kalalau Lookout, 4000 ft 


gh, overlooks the Napali Cliffs and 
Valley of the Lost Tribe. On Satur- 
la a cruise up the Wailua tive 


I persona tems not included 
T} tou S ope all Annual Meet- 
egistrants 
Reservations should be made 


irgical E I 

i 


ical C Madisor 


General Social Program 


Thursday, Oct. 23, 1958 
uncheon—12 Noon 


Sponsored by companies within 


the St. Louis AIME Section 


Friday, Oct. 24, 1958 


Speake I 


Dinner Dance—7:00 p.m 
Dr. Augustus B. Kinzel, President 
of AIME, Metals, Missiles. and 


Ve? 


New York Scene 
of April 
EUSEC Conference 


A five-day 
sentatives of engineering socic 
western Europe and _ the 
States was initiated in America 
April 28 to May 2. The Sixth Con- 
ference of EUSEC convened at the 
Hotel Roosevelt, New York, with 23 
societies from 14 countries repre- 
sented 


(Continued on page 626 


conference of 


pes 
20 will carry the lucky vacationers : aes 
to Honolulu for a round of sight- to Hilo to visit the volcano area, fly- ee 
seeing and leisure activities. Feasts ing from there on Thursday to the Bs 
and festi' free time nd and Island of Kauai to stay at the Coco Ee! 
rnes 
one 
Trustees 
} 
ciimaxe tne el erving nome 
= in tne ai COST, 9000.60 per ine total price inciudes ic meais 
n the American Standards Assn person round trip tourist flight from Sar eo 
The holiday start Will a special Francisco and all grout ransporta- pee 
® Douglas Ragland has been reap- welcome committee in Honolulu ion, admissions, lodging, and sig] a 
pointed as representative for a three- with mus! ana ieis anda native seeing outiineda in tne itinerary ‘on 
vear term on the Engineers’ Council Hawaiians. Ro it the Hawaiian Othe nea es i ry a 
for Professional Development ae 
Meeting f the Mining Society of lulu, Mt. Tantalus, the University of through the Theilig International ie. 3 
Va ain JUly Hawai ana the ionoa alieyv. Sun- i irs Inc Daily News Plaza, Suite 
- a day plans are open, with canoe and 2111. 400 W. Madison St.. Chicago 6. "ae 
ASA catamaran avaliabDi¢ ana an eve- Lil i ne dates ne noidaav are 
ning feast, the luau, with music and February 20 to March 1, 1959, and 
tee M24, Electrical Equipment in 
dancing early reservations WHI be appreci- 
After a lazy weekend tne signt- ated 
& Use of the word Columbium for Coe 
American Cyanamid Co., St. Louis 3:00 Continuous St Galvanizing 
tne in 1LULe Was iol al Mi Co-Chairman will be D it Granite Cit EF] M Cue- 
Speed, Minerva Oil Elizabeth- to, Metallurgist. Granite Cit: 
John P Nie or wa appointea is — Gran! 
all an ol iden apter 2-320 C 
Affairs Committee to replace Robert 0-00 R Milling 
F. Mehl who will be out of the coun- p iwi H. A. Hoffman. St <t, & a ee 
trv for the balance of the vear w Che Be ais 
& The revised Bylaws of the South- BoP 
ern Nevada Subsection of the Nevada ee ‘oa 
Section were approved, subject to ae 
one correction 
‘ eon 
American Cvanamid Co Welc 
Establishment of the new Wvom- 10:00 An f Ore Dressing opeakel 
ing Mining and Metals Section was Microscopy: C. G. Amstutz, . residen f the St. Joseph Lead ae i 
ipproved. Bylaws and a list of offi- Missouri School of Mines, Rol- Econon Condition hy, 
cers have been received la, Mo SNAUSTTY 
10:30 Two-Stage C1 ne t White Cockta I 6:00 t 30 p.m eee 
4 
= 


pe! igen 
pre ent, ASCE 
erees in New 
Ite 1ea the 
f the f¢ or 
‘ é e the - 
t f E SE¢ pi 


French Metallurgical 
Society to Hold 
Fall Meeting in Paris 


The Societé Francaise de Métal- 
ev iid its Fall Meeting in 


Pat October 20-25 on the follow- 

topi 1) Influence of residual 

trace element n the properties 

kit of ferrous and nonfer- 

et 2) Study of the mech- 

f e rupture of metals 

Ameri metallurgist ire in- 

ted to participtate in the meeting 

rT} terested presenting pa- 

me hou correspond with E. Du- 

Secre Gene t the Soci- 

et Fics 5 Rue de Clichy 
F nce 


European Corrosion 
Report Available 


The Annual Report for 1956 of the 
Ew ear Fede ration of Corro On 
ina t member societies was re- 


hed The 


f Corrosion 


European 
represents 
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an association of technical and sci- 
entifiC societie concerned with the 
esearch on corrosion and the pro- 
tectior of structural materials 


managed on 
ir norary basis by the DECHEMA 
Deutsche Gesellschaft fiir Chem- 
ches Apparatewesen). Appearing in 
t form of a duplicated itten 
nuscript of 123 pp, the report 
i Otaine the Frar K- 
(re ral Secretari- 
pean Federation of 


Symposium 
On Intermetallic 
Coinpounds 

projected in nthe 


tor nav includ 


a\ 


Fundamental Behavior ieforma- 


+} 


tior nitiat ind propaga 
of act ‘ of er il 
tructure, a cat ntermeta 
p j ne lence of point 
lefect liation damage; Phenom- 
enology—effects of processing varia 
ble temperat lependence of 
ex inical propert € effects of in 
purities effects of allovir effects of 
stre tate and strain rate Experi- 
mental Techniques—testing tech 
nique applicable to brittle com- 
pe ind preparation of intermetallik 
compound reference to me- 


CORRECTION 


On p. 486, the July issue of 
JOURNAL OF Metats, L. C 
Campbell was mistakenly list- 
Incumbent AIME 


Society of M 


ed as an 
Vice President 
ng Engineers 
Mr. Campbell 
been correctly ni 
AIME Dir 


ciety of Mir 


should have 
imed as an 


1959, So- 
ng Eng neers 


ector for 


properties studies, e.g 


chanical 


single crystal high purity samples 
Notificatic of titles and authors 
in } a } nyt 


Successful Pacific 
Northwest Regional 
Conference Held 


ve the pa j 
eflects mn the I 

ere t tne e- 

bed pphli- 

lvent extract 
Personals 

Continued from page 558 


Harry B. Burrack, is now serving 


as technical superintendent of Olin 
Aluminum division rolling mill of 
Olin Mathieson Chemical Corp 
located between Claringtor and 


Hanibal, 
Neil J. Culp and Samuel M. Purdy, 


ted by the Car 


were recently 

penter Steel Co. Reading, Pa., to 
supervisory posts in the metallurgi 
cal dept. Culp, is serving in charge of 


alloy development ind Purdy is 


now in charge of metallography 


James H. Moore, previously with 
Metals Hydrides Inc., Beverly, Mass.., 
has joined the NCR Equipment 
Corp., a subsidiary of National Re 

search Corp., Newton Highlands, 
Mass., as vice president and general 
manager 


cade ago, three British engi- th P 
eril ietic nvited the national immediately and triplicate copies of 
etic f E pe and the United The report is edited by the Frank- 75-word abstracts sent by Jan. 1 
Stat ‘ found the EHS tte fort Office of the General Secre- 1959 to Dr. J. H. Westbrook, General 
h ha n The tar te thy Europear Feder tion Electric Rese ec} Laborator P.O 
| Box 1088, Schenectad N. Y 
Arrangements can be made for 
papers presented “in abs« a 
AIME President Augustus B. Kin- 
\ I e of the opening bus- 
‘ AIME Vice President 
L. G ! i hairmar f the cost of postage must be borne Dj The annual Pacific Northwest Re- 
‘ busine Pre the adaresse¢ sional Conference corse hit in 
, ent Kinzel pre ied at the osit Spokar April 17 to 19, with the 
| ‘ Cc iT ici Sect n il | t S 
Management of EUSEC’s responsi- tions as hosts. Cooperatir rganiza- 
} tis transferred t tlor for the conference the 
the Amer ! ties Dv the retirir AIME Oregon Sectior i! N thern 
General Secretary of EUSEC. Wil- Pacific Sections, Mining Bureau of th 
- Niort} Tinir mir 
f ASCE. w umed general secre- th, we M g Ass 
t 
t ©. B. Shie ecretary of M I pert f Interme- “as tustry compani n the are 
ASME, be t f the EUSEC tall Cc na he held Tw tecnr i ‘ ind 
Ving pal par t her il Sx ety f Philadelphia 
I 
e, May 3 to 7, 1959. For the pur- Gladding McBean ( brick plant 
er ‘ nose of it Mica, Wa nd the D n Min- 
I } } i Intel 4 
na ng Co nill at Ford, Was! and 
: - D prise all intermediate phas¢ n bi- Midnight Mine at Wellpinit, Was! 
It meta iuaing r-lattices In- exu tive etallurg I 
‘ terstitial compour f metals and vere two st The first dealt 
titut with } teria na ¢ 
Set tride borides, et will not be con- is phosphate rock ; — 
P It is hoped shat ne ide wna itunit Interest 
cently pu 
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1959 Nuclear 
Congress 


Nuclear Congress 
d, Ohio, 
ynsist of 


and 


Seated at the guest table during the dinner-meeting of the Southern Nevada Subsection at 
the Hacienda Hotel on May 7, 1958, were, left to right: L. T. Eck, Program Chairman; D. L 
Day, Secretary- Treasurer; W. R. Hibbard, Jr., President of The Metallurgical Society of AIME 
L. T. Hartzell, Chairman; and R. V. Lundquist, Vice Chairman 


The Red Coach Inn, Niagara Falls 
N.Y., opened its doors to the Niagara 
Frontier Section on June 17, 195 

pe! 


J. F. B. Jackson, who relinquished on g Ene « c , it the June 20th dinz 


his position after five years as di- Was SHOWN UlrouUgn UK ye he Oregon Section | 
rector of the British Steel Casting ntvern staurant, Portland 


in 1954 


ilso 
ltron 
\] al 


_nesnire 


A dinner-meeting was the bill of 
the Southern Nevada Subsection of 
on y 7 at the Hacienda 
Jerome F. Kuzmick, is now presi- ADE, n May 7, at Hi 
dent of Powder Alloys Corp., Clifton 
N. J. He was previously president of The Metallurgica 
Welded Carbide Tool Co. Inc The Lehigh Valley Section gath- So f AIME was the featu! 


i tog r at Neuweiler’s Brew speaker He gave 


Arthur Fleischer, formerly with ry, Allentown, Pa., on June 24. Som illu trated account | 
Gould—National atteries, Nicad 25 me! im 
ing as senior 
Graw-Edison Co., West Orange, N. J ley Wel ona a on tou any ladies present 


The appointments of Charles H. 
Williams as administrative vice fT Alan Wood Steel Co. He wi Physical Metallurgy 


, formerly associated with the Armour 


preside mS, GRgmsme. and James Research Foundation of the Illinois Group to Visit 

B. Austin as administrative vice Institute B 

president, research and technology rookhaven in October 
were recently announced by United The ler Metallurgy Group of 
States Steel Corp., Pittsburgh. Wil- Boro Nijhawan, director, Nation the New York Section of , 7 
liams was formerly assistant execu- lurgical laboratory, ‘ 

tive vice president, engineering and 
raw materials; and Austin, who had 


the recent 
of Padma Shri, in 


previously served as vice president, recognit f his exceptionally 

research and technology, is continu- istingul services in the fields ion hor 

ng as administrative head of these f scien 1 India. The president of later than October 

departments 1e Union Republic of India made Ire} if . Phvsical 
presentation on India’s Republic yroup L. Vogel 

Robert E. Lubker has been appointed 

to the position of director of research ontinued « age 6 lew Jersey 
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J 

The 1959 

portant annual meeting on nu- ; — 3 | 
Authors are invited to submit ; 
for presentation at tne NE&S 4 4 = j 
Conference under AIME spon- > / 
sorship. The summaries of 300 
t 500 words hould be sub- Bre 
mitted in iuplicate DV he 
deadline of October Ist, 1958, = 
for ancideration hv a 
gram Committee 
the plant, during which details of 
Summaries should be maled : 
peration ana processing were - 
to the AIME representative ‘ 
plained by a guide. Upon comple- aa 
Mr. H. H. Chiswik tion of the plant visit, refreshments as 
Argonne Nationa heard speaker, David Swan, Linde were served, compliments of the oa 
Laboratory Div Union Carbide Cory briefly Brewery eS. 
77 diss se hic f Ri 
Lemont, Illinois Technical Ed tior 1 Ind j The Colorado Oil Shale Overatior es 
Dasea On a was the subject of Leslie C. Richard 
A filn nrecentatior Vill 1? 
I er nee! gues speakel!l 
eld at Burns ae 
Ore. The Sec- ee 
Research Assn. in the tion wished good luck to their mem- we 
board of A.P.V.-Paramount Ltd., the are: chal an, L. W. S A, Sym bership chairman, Ralph Ferguso1 pe 
alloy steel founder f Crawley iirman, W. W on his being transferred to Seattle 
Sussex, England vas recently ap Stephen paper nen Metals € on a new assignment with Gladaing a 
retary R Titay i! = " 
pointed managing director. He has ecretary, J. D. Roa —— Al McBean Be. 
the board of PI. Castings lov Mfg. Div.. National Lead Co . ke 
J 
Russian Met- 
a description 
Russia, whic! 
+ 
eres te ne 
= 
2:30 pn 
made no 
the Treas- 
Metallurg, 
B 1] 
1] e- \ 
ell 
irray Hil 
te 
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Personals 


William A. Reich, formerly manage! 


neering for General 


advance ¢ 
appointed 


were 

ntiy al in | ited 
Steel Corp., | They 
ire: J. L. Young, who was name 
vice president, appropriations; J. D. 
Rollins, wh now vice president, 
lar ig; and E. L, Tindall, 


ice president 


Western 
he Al 
Burns MacMullin, ser 
R. B. MacMullin 
MacMullir 


recently 


United States Steel Corp 
announced the following promotions 
in the production department. Oscar 
Pearson has been made vice presi- 
dent, operations—steel; J. F. Core 
ne vice president, operations 
coal; and E. B. Speer was named 
general manager of operations 
steel 


E. C. Roper has resigned as presi 
dent of Howe Sound Co. The new 
Howe Sound president is William 
M. Weaver, president of Haile 
Mines Co 


Lawrence F. Black was recently ap- 
pointed to the newly created position 
manager of Utah operations, U.S 
Geneva Division 


Charles L. Thompson, 


f 


anager oO! 

cirusion an 
nolds Metals 
Magnesium Co 


Walter 


reses 


Finlay, 
organiza 
Stee Cc 

appt 

Cor 


NACA 


F. Sipp, forn 
10nd Concret 


i aSSIS 


struction, is now working in Turkey, 

for Tippett, Abbett, McCarthy Strat- 

ton Engineers, of New York, as 


chief mechanical engineer 


Robert S. Rosenast rece 

Beckman Instrum 

ment’s systems divi 

Calif. as production 

previously was production 

for the Clary Corp., of San Gabriel 
Calif 

Thomas M. Hogan was r¢ 

moted to New Orleans d 


I. A. Oehler was rece 


ecutive vice 


stitute of Technol 

recently appol 

engineering staff of AeTo 


Development Corp., a Curtiss Wrigh 
subsidiary 


Name 


Old Address 


New Address 


Personals: Please 


Former Compony 
Former Title 
New Company 


New Tithe 


The Metallurgical Society of AIME 


Length of Time There 


Date of Change 


Any recent activity that would be of interest to members 


PROPOSAL FOR AIME 
MEMBERSHIP 


I consider the 
son to be qualified fi 
ship and r 


t that 
bership kit be mailed 


equest 


Name of Prospective Member 


Address 


Nome of AIME Member 


Address 
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Three vice presidents who will be 
respol! ble fry the corporation's manager for Jone & Laugniin steel 
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. of American Welding and Manufa 
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irk Section P 
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Society a me ber of ‘ he had been a directo! nee 1930 
pes Robert n of Crucibl Sir Chester, until 1950 was chairman 
or partner of a, was recently of Selection Trust Ltd., and of Rho- 
Ss, consulting itional Advisory desian Selectior Trust Ltd 
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Donald W. Johnson, secretary-treas 
of the Oregon section of AIME 
me plant manager of Rey- 
nolds Metals Co Wash 

aluminum opera 


tions. He succeeded V. G. Kneeskern, 
» | n 


urel 


has bec 


reauctions 


vi a been named manager I 


Metals new St. Lawrence 
n plan at Mas- 


Reyr 


alun if) 

sena, N 

James A. Glun has beer appointed 

lurgi r Alan Wood 
hohocken, Priot 
Wood, 

Jones & Laughlin Steel 


William R. Johnson, 


Ne 


Peter C. Rossin ha 
technical direct 
ractomet div. recently es 

Iniversal-Cyclops Steel 
Pa. He was 


} 


company s researcn 
+ 


nent dept 


Willard H. Hawley, Jr., p: 
with the Navy Dept., | 


Re sear h Office 


Watertovy Mass 


Eugene S. Machlin, 


vel 


Paul W. Beamer, 


for Westing! 


vi 


-Hayes Co 


nd development 


has announced 
R. E. Groeth t 
llurgical de pt 
to his 


i a i 
tslass Works, Corning, N. Y 
Spencer R. Milliken, previously asso 
ciated with the Aluminum Co. of 
America research laboratories, New 
Kensington, Pa., has oined Foote 
Mineral Co., Philadelphia, as _ re 
and deve lopme nt-sales staff 
inatol 
Walter Bonsack has become associ 
ated with Aluminum and Magnesium 
] chief metallurgist and will 
headquarters at the central 
in Sandusky, Ohio 
John M. Thomas, formerly manager 
of Hoskins Mfg. Co.’s metallurgical 
research and development dept., has 
been appointed vice president in 
charge of new product development 


for the Detroit concern 


Free Cobalt Book 


A rey sed, 125 
of the | 
Alloys } 


formation Center 


bound edition 
Cobalt and its 
available from the Co- 


T 


pp., 


balt Inf t 


que on Company it 


++ 


ernei 
rmation Cente? 


OBITUARIES 


William R. Grunow Member 
915 massed away on Mar. 9, 


Con! 


ADMISSIONS COMMITTEE 
Alfred B 


n on allotropy contains over 9V 
‘ 1911 to 


rams tor 


to literature trom 
e Glag 
re includea, 


erences 


died on Nov. 28, 1956 
Hattiesbur 

Sept 23 

the Un 


1929 


George E. Harike (Men 


ms inciude 
researcn 


searci 


Copper 
At the 
Har ike 


Ga 


Associate Member 

t Pittsburg I 

Junior Members 
Det Mict 

Nev 

New 

New York M 


x. 
REINSTATEMENT—CHANGE OF STATUS 
Junior to Associate 


Granger, Besseme A 


Technical Re-Election 
din, Wi ngton, De 


NECROLOGY 


Date Date of 
Elected Name Death 
1915 W m | d Grunov M 9, 1958 
Ser 
28, 195¢ 


PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $50 per 


year per inch 


H. L. TALBOT 


Consulting Metallurgical Engineer 


n and Refining of 8 


g in Cobalt and 
Room 911, 209 Washington St. 
Boston 8, Mass. 


MAX STERN 
Consulting Engineer 


10 East 40th St. New York 16,N. Y. 


DR. E. TSUTSUMI 
Registered Japanese Patent Attorney & 
Consulting Engineer 
PATENT MATTERS handled TECH- 
NICAL TEXT translated from Japanese 
nto English or vice versa: 2¢ an English 
word 


Central P.O. Box 1545 Tokyo, Japan 
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AIME 
ion, fall meeting, 
Hotel, Columbus, 
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NOHC 


eetir 


Oct. 9-10, IME 


NOHC 


Oct. 16, AIME Utah 
City 
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Oct. 27-30, Meeting 


Fall 
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\IME 


Feb. 15-19, 1959, AIME Ar 


Apr. 6-8, 1959, AIME 42nd National 
Open Hearth Steel Conference and 
Blast Furnace, Coke Oven, and 
Raw Materials Conference Jeffer 
on Hotel, St. Loui 


5-10, 1959, Fit 
land 


Apr. i 
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7-30, 1959, AIME International 
the Physical Chem- 
Metallurgy 
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oint auspices of AIME and MPA 
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Quvenched to 400° C 


See What Happens to Metals at High Temperatures 
with a UN/TRON VACUUM HEATING STAGE 


@ Fits any inverted metallograph or 
microscope 


@ Tungsten furnace element attains 
temperatures to 1100°C 


@ Hect specimen in a degree of 
vacuum to 10°-° mm. Hg. or in a 
protective atmosphere under 
positive pressure 


@ Provision for quenching from higher 
temperatures 


@ Built-in thermocouple 


@ Quartz shutter protects viewing 
window from clouding through 
an accidental vaporization of the 
specimen surface 


@ Stainless steel construction with 


water-cooled casing 


@ Accessory, long working distance 
(5.8mm.), 40X objective available 


Observation of metals at room tem- 
peratures is limited to structures which 
are stcble under these conditions or 
available in metastable state by 
quenching from higher temperatures. 
The UNITRON Vacuum Heating Stage 
adds a new dimension to the 
microscopy of metals in that 
specimens may be examined 
continuously at temperctures up to 
1100°C. This permits the study of 
structural changes such as 
recrystallization, grain growth, 
thermal etching of fatigue cracks, 
precipitation, and phase transforma- 
tions at the temperatures at which 
they occur. Quenching of the metal 


from any given temperature is accomplished 
by introducing a blast of inert gas. Observations 
may be photographed on motion picture film 


1 Pyrometer 
terminol 

2 Electric 

furnace 


3 Vacuum 
connection 

4 Water 
input 

5 Rubber 
gasket 

6 Quertz 
shutter 
lever 

7 Specimen 
table 

8 inert gas 
input 


to provide a continuous record of the transition 
process during structural changes, or single 
exposures may be taken. 


"THE TREND [8 TO UNITRON" 


UNITRON VACUUM HEATING STAGE, com- 
plete with built-in thermocouple, compensating 
wires, extra furnace with tungsten element, 
spore quartz windows and rubber gaskets, tools, 
in fitted hardwood cabinet 


Accessory 
FF40X objective 


UNITRON Metollographs, priced from $1195 
and inverted Metollurgice! Microscopes 
priced from $399, ore designed to accom- 
modote the VACUUM HEATING STAGE ond 
long working distonce objective. 


Available on 10 day trial. 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET « BOSTON 9, MASS. 


I © Send technicol literature on UNITRON Vocuum Heating Stoge 


Send UNITRON Microscope Catalog 
Nome 


Compony 


Address 


OBSERVING 
THE FORMATION 
= 
20° ¢ q 
675°C 
| UNITRON Vocuum hecting stage mounted on UNITRON Inverted Metallograph 
1090° 
| q 
1100° 
z F 
F 
f. 


PRECISION FORGINGS 
WYMAN-GORDON 


LENGTH 29” 


LENGTH 30” ; LENGTH 49” 


Precision ... close tolerance .. . low-draft ... 

no-draft — these are relative terms and con- 

siderable confusion has been created because 
they have been loosely used. Close tolerances on large forg- 
ings have been pioneered by Wyman-Gordon over the years. 
The degree of precision which is practical now becomes a 
question of economics. 


The forgings illustrated are typical of Wyman-Gordon close 
tolerance forgings that have been produced in quantity. In 
solving problems of tolerances, design and metallurgical 
quality, there is no substitute for Wyman-Gordon experience. 


WyYMAN-GORDON COMPANY 


Established 1883 
FORGINGS OF ALUMINUM @ MAGNESIUM @ STEEL @ TITANIUM 
WORCESTER 1, MASSACHUSETTS 
| HARVEY, ILLINOIS DETROIT, MICHIGAN 
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